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CHAPTER I  
INTRODUCTION
There  a r e  two e x p e r im e n ta l  ap p ro a c h e s  to  th e  s tu d y  o f  a g g r e s ­
s iv e  b e h a v io r  i n  a n im a ls .  One a p p ro a c h ,  which g e n e r a l l y  s e e k s  to  
answ er q u e s t io n s  a b o u t  t h e  c a u s a t i o n  o f  b e h a v io r ,  i s  to  s tu d y  a  sm a l l  
number o f  i n d i v i d u a l s .  Q u a n t i t a t i v e  in fo rm a t io n  i s  g a th e r e d ,  and de­
s c r i p t i o n s  o f  b e h a v io r  may be made v e ry  a c c u r a t e l y .  However, because  
o f  th e  v a r i a b i l i t y  o f  b e h a v io r  from i n d i v i d u a l  t o  i n d i v i d u a l ,  g e n e r a l i ­
z a t i o n s  a b o u t  b e h a v io r  i n  a  g iv e n  s p e c i e s  can  r a r e l y  be made w ith  a s ­
s u ra n c e .
A second  app ro ach  i s  to  s tu d y  a  s m a l l  p a r t  o f  a  s p e c i e s '  beha­
v i o r a l  r e p e r t o i r e  u s in g  a  l a r g e  number o f  i n d i v i d u a l s .  I n  t h i s  way, 
th e  ran g e  o f  v a r i a b i l i t y  o f  a g iv e n  b e h a v io r  p a t t e r n  w i th in  a  g iv en  
s p e c ie s  may be d e te rm in e d  w ith  r e a s o n a b le  a c c u r a c y ,  th u s  p ro v id in g  
in fo r m a t io n  on how any i n d i v i d u a l  m ight be ex p ec ted  t o  behave u nder  
p r e s c r i b e d  c o n d i t i o n s .
Largemouth B lack  B ass ,  M ic ro p te ru s  s a lm o id e s , a r e  p a r t i c u l a r l y  
w e l l - s u i t e d  to  a  s tu d y  o f  a g o n i s t i c  b e h a v io r  u s in g  th e  second a p p ro a c h .  
A g g ress iv e  i n t e r a c t i o n  i s  r a p i d  and s im p le ,  which c o n t r a s t s  s h a rp ly  
w ith  t h e  complex d i s p l a y s  d e s c r ib e d  f o r  t h e  m u ch -s tu d ied  c i c h l i d s *  
F u r th e rm o re ,  a g g r e s s iv e  and su b m is s iv e  movements o f  b a s s  a r e  r e l a ­
t i v e l y  few and a r e  t h e r e f o r e  e s p e c i a l l y  s u i t a b l e  f o r  q u a n t i t a t i v e  a n a ­
l y s i s .
The " s o c i a l  use  o f  sp a c e "  by a n im a ls  i s  a  s u b je c t  o f  c o n s id e r a b le  
i n t e r e s t  to  z o o l o g i s t s .  I t  i s  g e n e r a l l y  r e c o g n iz e d  t h a t  among o th e r  
t h i n g s  t h e  amount o f  space  a v a i l a b l e  to  an a n im a l  o r  group o f  a n im a ls  
i n f l u e n c e s  t h e  b e h a v io r  o f  th o s e  a n im a l s .  One way i n  which a v a i l a b l e
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sp a c e  i n f l u e n c e s  g roups  o f  a n im a ls  i s  to  e f f e c t  some change i n  th e  
amount o f  what we r e f e r  t o  a s  a g o n i s t i c  b e h a v io r .  A g o n is t ic  b e h a v io r  
i s  t h a t  g roup  o f  a c t i v i t i e s  a s s o c i a t e d  w ith  i n t r a s p e c i f i c  f i g h t i n g ,  
i n c l u d i n g  a t t a c k s ,  t h r e a t s ,  and o t h e r  a g g r e s s iv e  b e h a v io r ,  a s  w e l l  a s  
f l i g h t s ,  r e t r e a t s ,  and o t h e r  su b m is s iv e  b e h a v io r  (M o r r is ,  1 9 5 4 ) ,
In  o r d e r  to  u n d e r s ta n d  why a n im a ls  d i s t r i b u t e  th e m se lv e s  i n  space  
t h e  way th e y  do , v/e need  b e t t e r  knowledge o f  how a v a i l a b l e  l i v i n g  space  
i n f l u e n c e s  t h e  b e h a v io r  o f  t h a t  a n im a l .  T h is  s tu d y  d e a l s  w ith  t h i s  
p rob lem .
The e f f e c t  o f  space  on a g o n i s t i c  b e h a v io r  i n  f i s h  h a s  been  de­
s c r i b e d  i n  s e v e r a l  p a p e r s .  The l e v e l  o f  a g o n i s t i c  b e h a v io r  does n o t  
change s i g n i f i c a n t l y  i n  medakas (O ry z ia s  l a t i p e s ) when space  p e r  f i s h  
i s  i n c r e a s e d  (Magnuson, 1 9 6 2 ) ,  D i f f e r e n t  p o p u la t io n  d e n s i t i e s  o f  j u ­
v e n i l e  b l e n n ie s  (B le n n iu s  p h o l i s ) show no s i g n i f i c a n t  d i f f e r e n c e s  i n  
l e v e l  o f  a g o n i s t i c  b e h a v io r  u n d e r  th e  c o n d i t i o n s  o f  ex p e r im e n ts  c a r r i e d  
o u t  by G ibson ( I 968 ) .  In  j u v e n i l e  A t l a n t i c  salmon ( Salmo s a l a r ) , how­
e v e r ,  a  g r a d u a l  i n c r e a s e  i n  numbers o f  f i s h  i n  a q u a r i a  l e a d s  f i r s t  t o  an  
i n c r e a s e ,  th e n  t o  a  d e c re a s e  i n  a g o n i s t i c  a c t i v i t y ,  a s  crow ding i n ­
c r e a s e s  to  " s a t u r a t i o n "  (K e e n le y s id e  and Yamamoto, I 962 ) ,  A g e n e r a l  
i n c r e a s e  i n  a g o n i s t i c  a c t i v i t y  w ith  i n c r e a s i n g  d e n s i t y  i n  th e  c e n t r a r -  
c h id  Lepomis m e g a lo t i s  h a s  been  r e p o r t e d  by Hadley (1 9 6 9 ) .  I t  h as  been 
r e p o r t e d  e s le w h e re  t h a t  t h e  l e v e l  o f  a g g r e s s iv e  a c t i v i t y  i s  low er i n  t h e  
c e n t r a r c h i d  Lepomis c y a n e l lu s  u n d er  crowded c o n d i t i o n s  (G reen b e rg , 1946, 
1947 )* A g g ress iv e  a c t i v i t y  a l s o  d e c r e a s e s  a t  h ig h  p o p u la t io n  d e n s i t i e s  
i n  th e  t e n - s p in e d  s t i c k l e b a c k  ( P y g o s teu s  p u n g l t i u s ) and i n  th e  a lp in e  
c h a r  ( Salmo a l p i n u s ) a c c o rd in g  to  s t u d i e s  by M orr is  (1952) and F a b r ic iu s  
and G u s ta fso n  (1953 )1 r e s p e c t i v e l y .
These i n c o n s i s t e n c i e s  p ro b a b ly  r e s u l t  from d i f f e r e n t  s p e c i e s  r e ­
sp o n se s  t o  crowded c o n d i t i o n s ,  from d i f f e r e n t  e x p e r im e n ta l  t e c h n iq u e s ,  
and from d i f f e r e n t  i n t e r p r e t a t i o n s  o f  d a t a .  The q u e s t io n  o f  how f i s h  
behave u n d e r  d i f f e r e n t  c o n d i t i o n s  o f  d e n s i t y  rem ains  open , and i s  im­
p o r t a n t  t o  t h e  u n d e r s ta n d in g  o f  how f i s h  d i s t r i b u t e  th em se lv es  i n  s p a c e .
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A part  from s p a c e ,  p e rh a p s  t h e  most im p o r ta n t  f e a t u r e  o f  th e  
p h y s i c a l  env ironm ent o f  a  l i t t o r a l  f i s h  i s  t h e  s u b s t r a t e ,  which 
f u r n i s h e s  v i s u a l  o r i e n t a t i o n ,  s o u rc e s  o f  food and s h e l t e r ,  n e s t i n g  
s i t e s ,  and  o t h e r  f a c t o r s  e s s e n t i a l  t o  ra a in ta in e n c e .  In  j u v e n i l e  
t r o u t  ( Salmo t r u t t a ) and  salm on ( Salmo s a l a r ) , and i n  y e a r l i n g  
sraallm outh  b a s s  (M ic ro p te ru s  d o lo m ie u i ) .  a l l  s t r e a m -d w e l l in g  f i s h ,  
s u b s t r a t e  f e a t u r e s  have been  shown t o  be im p o r ta n t  f a c t o r s  i n  de­
te r m in in g  s p a t i a l  d i s t r i b u t i o n  ( K a l le b e rg ,  1958; Hartman, 1965; 
H aines  and  B u t l e r ,  I 969 )* The r o l e  o f  s u b s t r a t e  i n  th e  d i s t r i b u ­
t i o n  and a g o n i s t i c  b e h a v io r  o f  la k e  and pond s p e c i e s  such  a s  t h e  
la rg em o u th  b a s s  h a s  n o t  been  a s  th o ro u g h ly  i n v e s t i g a t e d *
T h is  s tu d y  h a s  two o b j e c t i v e s :  ( l )  t o  d e s c r ib e  i n  d e t a i l  th e
e le m e n ts  o f  n o n - r e p r o d u c t iv e  a g o n i s t i c  b e h a v io r  i n  ju v e n i l e  b a s s ,  
and ( 2 ) t o  i n v e s t i g a t e  th e  i n f l u e n c e  o f  d e n s i t y ,  a b s o lu t e  s p a c e ,  and 
s u b s t r a t e  a r e a  on t h e  amount and r e l a t i v e  f req u en cy  o f  a g o n i s t i c  
b e h a v io r .
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CHAPTER I I  
MATERIALS AND METHODS
P r e l im in a r y  o b s e r v a t io n s  were made from Septem ber th ro u g h  Decem­
b e r ,  1968 , on 226 fou r-m on th  o ld  b a s s ,  a v e ra g e  t o t a l  l e n g th  approxim a­
t e l y  s i x  cm when r e c e iv e d  from th e  M iles  C i ty  N a t io n a l  F ish  H a tc h e ry ,  
M iles  C i t y ,  Montana. D e s c r ip t io n s  o f  a g o n i s t i c  b e h a v io r ,  in c lu d in g  
c o lo r  c h a n g e s ,  are b ased  p r i m a r i l y  on o b s e r v a t io n s  o f  t h i s  group o f  
f i s h .  Q u a n t i t a t i v e  m easurem ents o f  a g o n i s t i c  b e h a v io r  u n d er  experim en­
t a l  c o n d i t i o n s  were made on a  second  g ro u p s ,  a l s o  fo u r  months o l d ,  and 
o b ta in e d  from th e  same h a tc h e r y  i n  O ctober o f  I 969* The ex p e r im en ts  
w ith  th e  second  g roup  o f  b a s s  were c a r r i e d  o u t  from November, 1969 
th ro u g h  F e b ru a ry ,  1970.
Group I
From two t o  s i x t e e n  f i s h  were k e p t  i n  g roups i n  g l a s s - s i d e d  
a q u a r i a  d iv id e d  i n t o  two com partm en ts ,  each  a p p ro x im a te ly  t h i r t y  cm 
l o n g ,  f o r t y  cm w ide , and f o r t y  cm h ig h  ( i n s i d e  d im e n s io n s ) .  Each 
aquarium  was a e r a t e d ,  and w a te r  t e m p e ra tu re  was m a in ta in e d  a t  22°+ 2°C, 
The s u b s t r a t e  was c o v e red  w ith  t h r e e  cm o f  washed r i v e r  sand b u t  th e  
t a n k s  were o th e rw is e  b a r e .  No p l a n t s  o r  s h e l t e r  o b j e c t s  were p ro v id e d .  
Brown p a p e r  was a t t a c h e d  t o  t h e  back and two s id e s  o f  each  t a n k .  L ig h t ­
in g  was p ro v id e d  by  1 0 0 -w a tt  c o o l - w h i te  f lo u r e s c e n t  lam ps. Two p a r a l l e l  
e i g h t - f o o t  lamps i l l u m i n a t e d  two a d j a c e n t  a q u a r i a .  The p h o to p e r io d  was 
from 8 :0 0  a .m . to  1 1 :0 0  p .m .
In  o r d e r  to  d ev e lo p  a  method which m inim ized d i s t u r b a n c e ,  s e v e r a l  
methods o f  o b s e r v a t io n  were t r i e d .  I t  was found t h a t  th e  f i s h  q u ic k ly  
h a b i t u a t e d  to  norm al sounds and movements made by th e  o b s e rv e r  when 
th e  t a n k s  were a r r a n g e d  i n  a l a r g e  s q u a re ,  open s i d e s  f a c in g  in w ard ,  a s  
i l l u s t r a t e d  i n  F ig u re  1 .  The f i s h  te n d e d  to  o r i e n t  tow ard  th e  c e n t e r  o f  
t h e  s q u a re  ( t h e i r  d e e p e s t  v i s u a l  f i e l d )  b u t  o f t e n  ranged  f r e e l y  w i th in  
t h e i r  t a n k s .  The b e s t  method o f  o b s e r v a t io n  was to  s i t  q u i e t l y  a  few
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
F ig ,  1 ,  The l a b o r a t o r y  a r ra n g e m e n t o f  a q u a r i a ,
1- 2 8 ,  H o ld ing  t a n k s .
A, E x p e r im e n ta l  t a n k ,  on h eav y  work t a b l e ,
B, P o s i t i o n  o f  o b s e r v e r  d u r in g  v o l u m e - s u b s t r a t e
e x p e r im e n ts ,
C, Community t a n k .
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f e e t  f rom  t h e  t a n k  an d  s p e a k  q u i e t l y  i n t o  a  t a p e  r e c o r d e r *  N o te s  from 
t h e  t a p e s  w ere  l a t e r  t r a n s c r i b e d  i n t o  n o te b o o k s  o r  o n to  d a t a  s h e e t s *
The f i s h  w ere  f e d  t o  s a t i a t i o n  d a i l y ,  a t  v a r i o u s  t im e s  o f  t h e  day  
a t  f i r s t *  They q u i c k l y  l e a r n e d  t h a t  t h e  o b s e r v e r  w a lk in g  a ro u n d  w i th  a  
d i s h  i n  h an d  m eant t h a t  f e e d i n g  t im e  was n e a r ,  and  t h e i r  a c t i v i t y  and  
a g o n i s t i c  b e h a v i o r  i n c r e a s e d  a p p r e c i a b l y  a t  t h e s e  t im e s*  T h e r e f o r e ,  
f e e d i n g  t im e  was moved t o  1 0 :4 ^  p*m*, j u s t  b e f o r e  t h e  l i g h t s  w ere  e x t i n ­
g u ish e d *  Food c o n s i s t e d  o f  l i v e  a q u a t i c  i n s e c t s ,  gam m arids ,  o r  m inced 
e a r th w o rm s ,  d e p e n d in g  upon  a v a i l a b i l i t y *
I d e n t i f i c a t i o n  o f  i n d i v i d u a l s  w i t h i n  g ro u p s  i s  e s s e n t i a l  t o  b e h a ­
v i o r a l  work* F i n - c l i p p i n g  o f  t h e  j u v e n i l e  b a s s  was n o t  s u c c e s s f u l ,  b e ­
c a u s e  i t  i n j u r e d  s m a l l e r  f i s h ,  and  d id  n o t  a l l o w  f o r  r a p i d  i d e n t i f i c a t i o n .  
I n  t h i s  s t u d y ,  d i s t i n c t i v e  m o r p h o lo g ic a l  f e a t u r e s  an d  perm an en t c o l o r  p a t ­
t e r n s  w ere  r e c o r d e d  f o r  e a c h  i n d i v i d u a l  i n  a  s o c i a l  g ro u p .  The d e s c r i p ­
t i o n s  a l l o w e d  q u ic k  i d e n t i f i c a t i o n  o f  i n d i v i d u a l s  w i t h i n  g ro u p s  o f  f o u r  o r  
fe w e r  f i s h ,  b u t  was n o t  p r a c t i c a b l e  f o r  l a r g e r  g roups*
Group I I
The se c o n d  g ro u p  o f  b a s s  c o n s i s t e d  o f  400 f i s h ,  a l s o  a b o u t  s i x  cm 
t o t a l  l e n g t h *  The f i s h  w ere m a in t a in e d  i n  a  l a r g e ,  a e r a t e d  s t e e l  com­
m u n ity  t a n k ,  185  cm l o n g ,  80  cm w id e ,  and  90  cm h i g h ,  p r o v id e d  w i th  l a r g e  
o b s e r v a t i o n  windows on  t h r e e  s id e s *  B e fo re  b e in g  u se d  i n  e x p e r i m e n t s ,  f i s h  
w ere  rem oved from t h i s  com m unity  t a n k ,  and  p l a c e d  i n  s m a l l e r  h o l d i n g  t a n k s .
Ten s m a l l  t a n k s ,  s i x t y  cm l o n g ,  f o r t y  cm w id e ,  and  f o r t y  cm h i g h ,  
w ere  e a c h  d i v i d e d  by  opaque  p l e x i g l a s s  p a r t i t i o n s  i n t o  two co m p a r tm e n ts  
t h i r t y  cm lo n g  and  f o r t y  cm w ide an d  h i g h .  Two l o n g e r  t a n k s ,  120 cm lo n g ,  
50  cm h ig h  an d  40 cm w id e ,  w ere e a c h  d i v i d e d  i n t o  f o u r  c o m p ar tm e n ts  o f  t h e  
same s i z e .  T w e n ty -e ig h t  s p a c e s  w i th  t h e  same i n s i d e  d im e n s io n s  w ere t h u s  
form ed* Each t a n k  was c o v e re d  on t h r e e  s i d e s  w i th  brown p a p e r ,  w i th  t h e  
u n c o v e r e d  s i d e  f a c i n g  t h e  c e n t e r  o f  a  l a r g e  r e c t a n g l e  ( F i g ,  l ) .  S u b s t r a t e ,  
w a te r  t e m p e r a t u r e ,  i l l u m i n a t i o n ,  p h o t o p e r i o d ,  a e r a t i o n ,  and  f e e d i n g  reg im e  
w ere  m a in t a in e d  a s  d e s c r i b e d  f o r  g ro u p  I* E x p e r im e n ts  w ere  c a r r i e d  o u t
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w i t h  f i s h  i n  t h e s e  t a n k s ,  an d  i n  t h e  e x p e r i m e n t a l  t a n k ,  d e s c r i b e d  b e lo w .
The r e l a t i o n s h i p  b e tw e e n  l e v e l  o f  a g o n i s t i c  b e h a v i o r ,  v o lu m e ,  and  
a r e a  o f  s u b s t r a t e  was s t u d i e d  i n  a n  a q u a r iu m  s e v e n t y - s e v e n  cm l o n g ,  f o r ­
t y - o n e  cm w id e ,  an d  s i x t y - t w o  cm h i g h ,  c a l l e d  t h e  e x p e r i m e n t a l  t a n k .  The 
e x p e r i m e n t a l  d e s i g n  r e q u i r e d  l ) ,  h o l d i n g  t h e  a r e a  o f  s u b s t r a t e  c o n s t a n t  
an d  v a r y i n g  t h e  v o lu m e , an d  2 ) ,  h o l d i n g  t h e  volum e c o n s t a n t  an d  v a r y i n g  
t h e  a r e a  o f  s u b s t r a t e .  T h e se  t r e a t m e n t s  w ere  a c c o m p l i s h e d  i n  t h e  e x p e r i ­
m e n ta l  t a n k .  T h r e e - s i d e d  p a r t i t i o n s  w ere  c o n s t r u c t e d  o f  o p aq u e  p l e x i ­
g l a s s  a n d  w ere  p l a c e d  f l u s h  w i t h  t h e  g l a s s  f r o n t  o f  t h e  e x p e r i m e n t a l  t a n k ,  
a s  i l l u s t r a t e d  i n  F i g u r e  2 .  The t h r e e  p a r t i t i o n s  e n c l o s e d  s q u a r e s  o f  
t w e n t y ,  t h i r t y ,  a n d  f o r t y  cm on  a  s i d e ,  t h u s  e n c l o s i n g  a r e a s  o f  4 0 0 ,  9 0 0 , 
a n d  1 ,6 0 0  cm2, r e s p e c t i v e l y .  W ater  l e v e l  was v a r i e d  from  f i v e  t o  s i x t y  
cm t o  p r o v i d e  e n c l o s e d  v o lu m es  o f  8 , 0 0 0 ,  1 6 ,0 0 0 ,  o r  2 4 ,0 0 0  cm^ f o r  e a c h  
o f  t h e s e  s u b s t r a t e  a r e a s .  I n  t h i s  m a n n e r ,  n i n e  p e r m u t a t i o n s  o f  s u b s t r a t e  
a r e a  an d  vo lum e w ere  o b t a i n e d ,  a s  sum m arized  i n  T a b le  1 .
The w a t e r  i n  t h e  e x p e r i m e n t a l  t a n k  was a e r a t e d ,  an d  t e m p e r a t u r e  was 
m a i n t a i n e d  a t  22® C ± 2®. As i n  t h e  h o l d i n g  t a n k s  a  t h r e e  cm b a r e  s a n d  
s u b s t r a t e  was p r o v i d e d .
O b s e r v a t i o n s  o f  f i s h  i n  t h e  h o l d i n g  t a n k s  w ere  made w i th o u t  a  s c r e e n .  
The o b s e r v e r  s a t  q u i e t l y  i n  f r o n t  o f  one o f  t h e  t w e n t y - e i g h t  t a n k s  and  
sp o k e  i n t o  a  t a p e  r e c o r d e r .  The e x p e r i m e n t a l  t a n k  was p l a c e d  a t  one end 
o f  a  h e a v y  work t a b l e ,  an d  t h e  o b s e r v e r  s a t  a  few f e e t  away a t  t h e  oppo­
s i t e  end  o f  t h e  t a b l e  ( F i g .  l ) ,
A t i m e r ,  s e t  t o  b u z z  e v e r y  t e n  s e c o n d s ,  p r o v id e d  a  t i m e - b a s e  on  t h e  
r e c o r d e d  t a p e s .
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F i g .  2 .  E x p e r im e n ta l  t a n k  a p p a r a t u s .
A. Large  p a r t i t i o n  i n  p l a c e  i n  e x p e r im e n ta l  t a n k .
B. Medium p a r t i t i o n  i n  p l a c e .
C. Sm all p a r t i t i o n  i n  p l a c e .
--------------------- - E x p e r im e n ta l  t a n k .
---------------------  P l e x i g l a s s  p a r t i t i o n ,  d im e n s io n s  i n  cm.
W ater h e i g h t ,  i n  cm.
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TABLE I , A rea  a n d  volum e o f  s p a c e s  u s e d  i n  t h e  e x p e r i m e n t a l  t a n k .
VOLUME
AREA OF \  
SUBSTRATE \
8 ,0 0 0  cm5 1 6 ,0 0 0  cm3 2 4 ,0 0 0  cm3
1 ,6 0 0  cm2 WH a  5 , 0 0 WH = 1 0 ,0 0 WH = 1 5 .0 0
900  cm^ WH = 8 .9 0 WH = 1 7 .8 0 WH = 2 6 .7 0
400 cm2 WH = 2 0 .0 0 WH = 4 0 .0 0 WH = 6 0 .0 0
WH a  w a t e r  h e i g h t  i n  cm s.
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CHAPTER I I I  
EXPERT MlilNTAL PROCEDURES
Two c o n s e c u t i v e  s e t s  o f  e x p e r i m e n t s  w ere  p e r fo rm e d  on t h e  g ro u p  
I I  f i s h *  The f i r s t  s e t ,  t h e  b a s e l i n e  e x p e r i m e n t s ,  w ere  d e s ig n e d  t o  
q u a n t i f y  c e r t a i n  b e h a v i o r a l  p a r a m e t e r s  o f  f i s h  u n d e r  s t a n d a r d i z e d  ex ­
p e r i m e n t a l  c o n d i t i o n s .  When t h i s  s e t  o f  e x p e r im e n t s  was c o m p le te d ,  a  
s e c o n d  s e t ,  t h e  v o l u m e - s u b s t r a t e  e x p e r i m e n t s ,  w ere  b e g u n .  I n  t h e  v o l ­
u m e - s u b s t r a t e  e x p e r i m e n t s ,  s p a c e ,  d e n s i t y ,  an d  s u b s t r a t e  a r e a  w ere  
m a n i p u l a t e d .  The a g o n i s t i c  b e h a v i o r  o f  t h e  b a s s  u n d e r  t h e  d i f f e r e n t
c o n d i t i o n s  o f  s p a c e ,  d e n s i t y  a n d  s u b s t r a t e  a r e a s  w ere r e c o r d e d .  S o c i a l
g r o u p s  o f  t h r e e  s i z e s  w ere  s e l e c t e d :  p a i r s ,  t r i o s ,  a n d  q u a r t e t s .  S tu d y
o f  q u i n t e t s  w ould  h a v e  b e e n  i n f o r m a t i v e ,  b u t  a c c u r a t e  i d e n t i f i c a t i o n  o f  
i n d i v i d u a l s  w i t h i n  g r o u p s  o f  t h a t  s i z e  p ro v e d  i m p o s s i b l e .
B a s e l i n e  E x p e r im e n ts
The 4 0 0  g ro u p  I I  b a s s  a r r i v e d  on 25 O c to b e r  1 9 ^ 9 » and  w ere  imme­
d i a t e l y  p u t  i n  t h e  l a r g e  com m unity  t a n k .  A f t e r  f i f t e e n  d a y s ,  84 f i s h  
w ere  t r a n s f e r r e d ,  i n  g r o u p s  o f  t h r e e ,  i n t o  t h e  28 h o l d i n g  t a n k s .  (5 6  
f i s h ,  t o  fo rm  28  p a i r s ,  an d  112 f i s h ,  t o  form  28 q u a r t e t s ,  w ere  s i m i ­
l a r l y  moved from  t h e  com m unity  t a n k  t o  h o l d i n g  t a n k s  on 15 D ecem ber, an d  
25  J a n u a r y ,  r e s p e c t i v e l y . )  The f i s h  w ere  g iv e n  f i v e  d a y s  t o  a c c l i m a t e  
t o  t h e  h o l d i n g  t a n k s  an d  t o  h a b i t u a t e  t o  t h e  movements o f  t h e  e x p e r i ­
m e n t e r .  D u r in g  t h i s  p e r i o d ,  a  d e s c r i p t i o n  was w r i t t e n  f o r  e a c h  f i s h  i n
e a c h  t r i o  f o r  i d e n t i f i c a t i o n  p u r p o s e s ,  and  e a c h  i n d i v i d u a l  was g iv e n  a
l e t t e r  d e s i g n a t i o n  (A , B , C, e t c . ) .
O b s e r v a t i o n s  on  g ro u p  I  f i s h  s u g g e s t e d  t h a t  p e r i o d s  o f  r e l a t i v e  
i n a c t i v i t y  i n  s m a l l  s o c i a l  g ro u p s  se ld o m  l a s t  f o r  more t h a n  t w e n t y -  t o  
t w e n t y - f i v e  m i n u t e s ,  so  t h i r t y - m i n u t e  o b s e r v a t i o n  p e r i o d s  w ere  u s e d  f o r
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t h e  e x p e r i m e n t s .  I t  v/as d e c i d e d  t h a t  t h r e e  su c h  o b s e r v a t i o n s  p e r  
s o c i a l  g ro u p  w ould  p r o v i d e  a  r e a s o n a b l y  t y p i c a l  p r o f i l e  o f  b e h a v i o r  
f o r  a n y  g r o u p .  I n  o r d e r  t o  m in im iz e  b i a s  due t o  c h a n g e s  i n  a c t i v i t y  
k e y e d  t o  p h o t o p e r i o d  o r  f e e d i n g  s c h e d u l e  ( D a v i s ,  1 9 6 4 ; D a v is  and. 
B a r d a c h ,  I 9 6 5 ) ,  o b s e r v a t i o n  t i m e s  w ere  r a n d o m iz e d .  Thus f o r  t h e  b a s e ­
l i n e  e x p e r i m e n t s ,  e a c h  t r i o  was o b s e r v e d  f o r  t h r e e  s e p a r a t e  h a l f - h o u r  
p e r i o d s ,  e a c h  p e r i o d  f a l l i n g  a t  some t im e  b e tw e e n  8 : 0 0  a ,m ,  an d  1 0 :1 5  
p .m .  A t o t a l  o f  e i g h t y - f o u r  o b s e r v a t i o n s  o n  t r i o s  i n  h o l d i n g  t a n k s  
w ere  made i n  t h i s  m a n n e r ,  f rom  15 November t o  2?  Novem ber, The same 
o b s e r v a t i o n s  w ere  made f o r  p a i r s  from  9 D ecem ber t o  22 D ecem ber, and  
f o r  q u a r t e t s  from  22 J a n u a r y  t o  11 F e b r u a r y .
F o r  e a c h  o b s e r v a t i o n  p e r i o d ,  t h e  f o l l o w i n g  i n f o r m a t i o n  was r e c o r d e d ;
I ,  D a t e ,  t i m e ,  and  w a t e r  t e m p e r a t u r e .
I I ,  B e h a v io r  s e e n  i n  e a c h  a g o n i s t i c  e n c o u n t e r ,  by  e a c h  p a r t i c i p a n t ,  
i n  o r d e r  o f  o c c u r r e n c e  ( d e s c r i b e d  b e lo w ) .
I l l ,  D i s t i n c t  c o l o r  c h a n g e s  o r  c h a n g e s  i n  c o l o r  p a t t e r n s .
IV ,  A b e r r a n t  b e h a v i o r ,  s u c h  a s  p e r s i s t e n t  h y p e r v e n t i l a t i o n ,  c o n t i n ­
u o u s  f l u t t e r i n g ,  e x t r e m e  f r i g h t  r e a c t i o n ,  e t c ,
V, G e n e r a l  p o s i t i o n s  o f  t h e  f i s h  w i t h i n  t h e  t a n k .
I d e n t i c a l  p r o c e d u r e s  w ere  u s e d  f o r  p a i r s  an d  f o r  q u a r t e t s ,  a t  
d i f f e r e n t  t i m e s ,  u s i n g  d i f f e r e n t  f i s h .  A f t e r  a l l  t r i o s  h ad  b e e n  ob­
s e r v e d  t h r e e  t im e s  e a c h  i n  t h e  h o l d i n g  t a n k s ,  t h e  v o l u m e - s u b s t r a t e  
e x p e r i m e n t s  w ere  b e g u n ,
Volume- s u b s t r a t e  I 'Jxperim ents
F o r  t h i s  s e t  o f  e x p e r i m e n t s ,  e a c h  t r i o  was o b s e r v e d  o n c e  i n  t h e  
e x p e r i m e n t a l  t a n k .  S e l e c t i o n  o f  t r i o s  was r a n d o m iz e d  i n  su c h  a  f a s h i o n  
t h a t  t h r e e  d i f f e r e n t  t r i o s  w ere  o b s e r v e d  i n  e a c h  o f  t h e  n in e  p o s s ib J .e  
c o m b i n a t i o n s  o f  volum e an d  s u b s t r a t e  a r e a .  F o r  e x a m p le ,  t r i o s  tw o ,  f i v e ,  
a n d  s e v e n t e e n  w ere  e a c h  o b s e r v e d  f o r  one t h i r t y - m i n u t e  p e r i o d  i n  s p a c e  A, 
( 8 ,0 0 0  cm5 volum e o f  w a te r  an d  1 ,6 0 0  cm^ s u b s t r a t e  a r e a ) ;  t h r e e  o t h e r
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t r i o s  w ere  o b s e r v e d  i n  s p a c e  B, w i th  d i f f e r e n t  volum e an d  s u b s t r a t e  
a r e a s ,  e t c .
Some t r i o s  a d j u s t e d  v e r y  q u i c k l y  t o  t h e  e x p e r i m e n t a l  t a n k ,  and  
r e t u r n e d  t o  a  n o rm a l  l e v e l  o f  s o c i a l  b e h a v i o r  i n  a s  l i t t l e  a s  f i v e  
m in u te s  f o l l o w i n g  t r a n s f e r  from  t h e  h o l d i n g  t a n k .  O th e r  t r i o s  to o k  
l o n g e r  t o  a d j u s t ,  an d  f o r  t h o s e  t r i o s  w i th  v e r y  low l e v e l s  o f  a g o n i s ­
t i c  i n t e r a c t i o n s ,  i t  was d i f f i c u l t  t o  t e l l  when th e y  r e t u r n e d  t o  t h e i r  
n o rm a l  l e v e l  o f  s o c i a l  b e h a v i o r .  To r e d u c e  t h e  e f f e c t  o f  t h i s  d i s t u r ­
b a n c e ,  o b s e r v a t i o n s  w ere  n o t  b eg u n  u n t i l  e a c h  t r i o  h ad  b e e n  i n  t h e  t a n k  
f o r  t h i r t y  m i n u t e s .  The same i n f o r m a t i o n  was r e c o r d e d  f o r  e a c h  t r i o  a s  
i s  l i s t e d  a b o v e  f o r  t h e  b a s e l i n e  e x p e r i m e n t s ,  w i th  t h e  a d d i t i o n  o f  t h e  
p a r t i c u l a r  s p a c e  w i t h i n  w hich  t h e  t r i o  was p l a c e d .
A f t e r  a  t r i o  was o b s e r v e d  i n  t h e  e x p e r i m e n t a l  t a n k ,  e a c h  f i s h  was 
w e ig h e d  t o  t h e  n e a r e s t  0 , 1  g  an d  t o t a l  l e n g t h  was m easu red  t o  t h e  n e a r ­
e s t  mm,
V o l u m e - s u b s t r a t e  e x p e r i m e n t s  w ere  r e p e a t e d  w i th  t h e  p a i r s  and  q u a r ­
t e t s  a f t e r  t h e s e  f i s h  w ere  r u n  th r o u g h  t h e  b a s e l i n e  e x p e r i m e n t s .




Changes i n  C o lo r  P a t t e r n s  A s so c ia te d  w ith  S o c ia l  B eh av io r
Changes i n  c o l o r  and i n  c o l o r  p a t t e r n s ,  long  re c o g n iz e d  a s  im­
p o r t a n t  means o f  com m unication among some f i s h e s ,  a r e  e s p e c i a l l y  im­
p o r t a n t  among f i s h e s  o f  th e  fa m ily  C ic h l id a e  (B aerends and B a e ren d s -  
van  Roon, 19^0; B arlow , 1963; M yrberg, 1963)* T h is  means o f  com­
m u n ic a t io n  h a s  a l s o  dev e lo p ed  i n  some c e n t r a r c h i d  f i s h e s .  I t  i s  
im p o r ta n t  i n  th e  r e p r o d u c t iv e  and a g g r e s s iv e  b e h a v io r  o f  pumpkinseeds 
(Lepomis g ib b o s u s ) and c l o s e l y  r e l a t e d  s p e c i e s  ( M i l l e r ,  1963; H adley , 
1969 ) ,  and i n  a d u l t  la rg em o u th  b a s s  (B re d e r ,  19 3 6 ) .  J u v e n i l e  l a r g e ­
mouth b a s s  do n o t  undergo th e  co n sp ic u o u s  c o lo r  changes a s s o c i a t e d  w i th  
b e h a v io r  se e n  i n  many o t h e r  f i s h .  C o lo r  ch an g es ,  w h ile  a s s o c i a t e d  w ith  
some s o c i a l  b e h a v io r s  i n  j u v e n i l e  b a s s ,  a p p a r e n t ly  do n o t  p la y  th e  im­
p o r t a n t  com m unicative r o l e  which th e y  do i n  o th e r  f a m i l i e s .
The most s t r i k i n g  c o lo r  f e a t u r e  o f  a  j u v e n i l e  b a s s  i s  th e  m o t t le d  
b la c k  b a r  which ru n s  from th e  t i p  o f  th e  sn o u t to  th e  end o f  th e  c a u d a l  
p e d u n c le .  Dozens o f  s m a l l  b la c k  s p o t s ,  many o f  which merge t o g e t h e r ,  
form t h i s  s t r a i g h t  h o r i z o n t a l  b a r ,  which i s  a l ig n e d  w ith  th e  p u p i l  o f  
th e  e y e ,  p a s s e s  o v e r  th e  opercu lum , and on p o s t e r i o r l y  th ro u g h  t o  th e  
m iddle  o f  th e  c a u d a l  p e d u n c le .  The b a r  l i e s  s l i g h t l y  above th e  b o d y 's  
m id l in e .  I t  i s  a s s o c i a t e d  w ith  th e  l a t e r a l  l i n e  o n ly  i n  th e  p o s t e r i o r  
t h i r d  o f  t h e  body. D o rsa l  to  th e  b a r ,  t h e  p redom inant c o lo r  i s  p a le  
o l i v e  g r e e n ,  m o t t le d  w ith  s l i g h t l y  d a r k e r  o l i v e  s p o t s .  V e n t ra l  t o  th e  
b a r ,  t h e  body i s  s i l v e r ,  w ith  a  f a i n t  p u rp le  s h e e n .  The p a i r e d  f i n s  
a r e  c o l o r l e s s .  The d o r s a l  f i n s  and c a u d a l  f i n  a r e  v e ry  p a le  g r e e n ,  and 
have d a rk  m a rg in s .  The a n a l  f i n  i s  n e a r l y  c o l o r l e s s .  A f a i n t  d a rk  l i n e  
ru n s  t h e  l e n g th  o f  th e  second d o r s a l  f i n  t h r e e  o r  f o u r  mm above th e  b ack .
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The f o l l o w i n g  c o l o r  c h a n g e s  o c c u r  i n  a s s o c i a t i o n  w i th  b e h a ­
v i o r a l  phenom ena:
P a l i n g  R e a c t io n
The b a s s  r e s p o n d  t o  s u d d e n  d i s t u r b a n c e s ,  su c h  a s  movements o r  
lo u d  n o i s e s  o r  v i b r a t i o n s  by  a  g e n e r a l  an d  d i s t i n c t  p a l i n g .  Some 
i n d i v i d u a l s  become n e a r l y  t r a n s l u c e n t .  The b l a c k  s p o t s  w hich  form  
t h e  h o r i z o n t a l  b a r  f a d e ,  and  t h e  d o r s a l  o l i v e  s p o t s  may d i s a p p e a r .
P a l i n g  a s  a  f r i g h t  r e s p o n s e  i s  c o n t r a r y  t o  t h e  r e a c t i o n  o f  some 
f r i g h t e n e d  f i s h .  The T e l e o s t ,  B a d i s  b a d i s , f o r  e x a m p le ,  d a r k e n s  when 
f r i g h t e n e d  (B a r lo w ,  1963)*  The p a l i n g  r e a c t i o n  c a n  be  v e r y  f a s t .
D o m in a n t /S u b o r d in a t e  R e a c t io n s
The e s t a b l i s h e d  d o m in a n t  f i s h  i n  a  s o c i a l  g ro u p  i s  i n v a r i a b l y  
p a l e r  t h a n  t h e  s u b o r d i n a t e  f i s h .  V/hen two f i s h  a r e  n e t t e d  an d  p u t  
t o g e t h e r  i n t o  a new t a n k ,  t h e y  a r e  b o th  p a l e  a t  f i r s t .  O ver a  p e r i o d  
o f  s e v e r a l  m in u te s  a n d  a s  a  dom inance  r e l a t i o n s h i p  becom es a p p a r e n t  t o  
t h e  o b s e r v e r ,  one f i s h  ( t h e  d o m in a n t )  r e m a in s  f a i r l y  p a l e ,  w h i le  t h e  
o t h e r  ( t h e  s u b o r d i n a t e )  d a r k e n s .  The c o l o r  d i f f e r e n c e s  b e tw een  dom i­
n a n t  an d  s u b o r d i n a t e  f i s h  a r e  su m m arized  i n  T a b le  2 .  The d i f f e r e n c e  
i n  c o l o r a t i o n  b e tw e e n  d o m in a n t  a n d  s u b o r d i n a t e  f i s h  i s  so  c h a r a c t e r i s ­
t i c  t h a t  t h e y  may be e a s i l y  d i s t i n g u i s h e d  by c o l o r  a l o n e ,  p r o v id e d  t h a t  
b o t h  a r e  a c c u s to m e d  t o  t h e i r  s u r r o u n d i n g s .  T h is  i s  a  s u r p r i s i n g  p h en o ­
menon, i n  v ie w  o f  t h e  p a l i n g  r e a c t i o n  d e s c r i b e d  a b o v e .  The p a r a d o x i c a l  
r e s p o n s e s  o f  f r i g h t e n e d  a n d  s u b o r d i n a t e  f i s h  i s  d i f f i c u l t  t o  e x p l a i n .
I t  i s  p o s s i b l e  t h a t  d i f f e r e n t  l e v e l s  o f  f e a r  s t i m u l i  may b r i n g  d i f f e r e n t  
o r  a d d i t i o n a l  m e l a n o p h o r e - c o n t r o l  m echan ism s i n t o  p l a y ,  b u t  o t h e r  
e x p l a n a t i o n s  a r e  p o s s i b l e ,  an d  t h e  p r e s e n t  e x p e r im e n t s  d id  n o t  p r o v id e  
a n s w e r s  t o  t h e s e  q u e s t i o n s .
E y e - b a r
As m e n t io n e d  a b o v e ,  t h e  h o r i z o n t a l  b a r  i s  a l i g n e d  w i th  t h e  p u p i l  
o f  t h e  eye  a n d  p a s s e s  o v e r  t h e  o p e r c u lu m .  I n  a  d o m in a n t  f i s h ,  t h e
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TABLE 2 .  —  C o lo r  d i f f e r e n c e s  b e tw e e n  d o m in an t  and  s u b o r d i n a t e  f i s h
c h a r a c t e r d o m in a n t  f i s h s u b o r d i n a t e  f i s h
g e n e r a l  c o l o r a t i o n l i g h t d a r k
b a c k  m o t t l i n g p a l e  o l i v e d a r k  o l i v e
h o r i z o n t a l  b a r d a r k  t o  s l i g h t l y  
f a d e d
d a r k ,  e s p .  a c r o s s  
s n o u t  and  n a r e s
b l a c k  s p o t s ,  p o s t e r i o r  
b o r d e r  c a u d a l  p e d u n c le
u s u a l l y  none 0 -1 1  s m a l l  s p o t s  
on e a c h  s i d e
b l a c k  s p o t s ,  v e n t r a l  
h a l f  o f  body
u s u a l l y  none 5 -2 0  s m a l l  s p o t s  
on e a c h  s i d e
c o l o r ,  m a rg in  c a u d a l  
f i n
l i t t l e  o r  none 1 -2  mm d a r k  s t r i p e s
e y e - b a r a b s e n t p r e s e n t  o r  e n t i r e  
s c l e r a  p ig m e n te d
o p e r c u l a r  s p o t u s u a l l y  p r e s e n t i n d i s t i n c t  o r  
a b s e n t
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s c l e r a  o f  t h e  e y e  show s l i t t l e  o r  no m e la n in .  The h o r i z o n t a l  b a r  i s  
t h u s  b r o k e n  on e i t h e r  s i d e  o f  t h e  p u p i l .  The s c l e r a  o f  a  s u b o r d i n a t e  
f i s h  i s  e i t h e r  d a r k l y  p ig m e n te d  on e a c h  s i d e  o f  t h e  p u p i l ,  c r e a t i n g  a  
c o n t i n u o u s  u n b ro k e n  l i n e  t h r o u g h  t h e  e y e ,  o r  t h e  e n t i r e  s c l e r a  i s  p i g ­
m e n te d .
O p e r c u l a r  S p o t
V/hen t h e  f i s h  a r e  b a d ly  f r i g h t e n e d ,  t h e  h o r i z o n t a l  b a r  f a d e s .  
C o l o r a t i o n  p e r s i s t s ,  h o w e v e r ,  i n  t h a t  p o r t i o n  o f  t h e  b a r  w hich  o v e r ­
l i e s  t h e  p o s t e r i o r  p o r t i o n  o f  t h e  o p e rc u lu m .  The r e s u l t  i s  t h e  
a p p e a r a n c e  o f  a  d i s t i n c t  s p o t  a t  t h e  ed g e  o f  t h e  o p e rc u lu m .  The o p e r ­
c u l a r  s p o t  i s  u s u a l l y  d a r k e r  i n  d o m in a n t  f i s h  t h a n  i n  s u b o r d i n a t e  f i s h .
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E le v e n  d i s t i n c t  f i x e d  a c t i o n  p a t t e r n s  o c c u r  i n  a g g r e s s i v e  e n ­
c o u n t e r s  b e tw e e n  j u v e n i l e  b a s s .  They may be c a t e g o r i z e d  a s  a g g r e s s i v e  
p a t t e r n s  a n d  s u b m is s iv e  p a t t e r n s .
A g g r e s s iv e  P a t t e r n s
A pproach  (AP)
I n  t h e  A p p ro a c h ,  t h e  a g g r e s s i v e  f i s h  o r i e n t s  to w a rd  t h e  s u b o r ­
d i n a t e ,  a n d  swims to w a rd  i t  a t  a  m o d e ra te  s p e e d .  O p e r c l e s  a r e  n o t  
s p r e a d ,  a n d  m ed ian  and  p a i r e d  f i n s  a r e  n o t  e r e c t e d .  The a p p r o a c h in g  
f i s h  d o e s  n o t  s n a p  a t  t h e  o t h e r  f i s h ,  and  i t  d o e s  n o t  u s u a l l y  a p p ro a c h  
a s  c l o s e l y  a s  a  c h a r g i n g  f i s h  d o e s .  The A pproach  r e s e m b le s  a  C harge  b u t  
l a c k s  t h e  s u d d e n  t h r u s t  fo rw a rd  w hich  c h a r a c t e r i z e s  t h e  C h a rg e .  A pproach 
i s  d i s t i n g u i s h e d  from  random  movements b e c a u s e  i t  i s  o r i e n t e d  to w a rd  t h e  
s u b o r d i n a t e  f i s h  an d  t h e  l i n e  o f  t r a v e l  i s  s t r a i g h t  f o r  s e v e r a l  c e n t i ­
m e te r s *  The s u b o r d i n a t e  f i s h  u s u a l l y  r e s p o n d s  w i th  a  s u b m is s iv e  movement 
b e f o r e  t h e  a p p r o a c h i n g  f i s h  g e t s  w i t h i n  a b o u t  t e n  c e n t i m e t e r s  o f  i t .
C h a rg e  (GG)
In  C h a rg e ,  one f i s h  o r i e n t s  to w a rd  a n o t h e r ,  and  s u d d e n ly  d a r t s  
r a p i d l y  to w a rd  i t .  The movement may be a n  e f f e c t i v e  s i g n a l  e v e n  when 
t h e  movement i s  n o t  l o n g e r  t h a n  t h e  l e n g t h  o f  t h e  c h a r g i n g  f i s h .  The 
C h a rg e  i s  d i r e c t l y  to w a rd  t h e  s u b o r d i n a t e  f i s h ,  an d  th e  movement i s  v e r y  
f a s t .  A C h a rg e ,  from  o r i e n t a t i o n  to w a rd  a  s u b o r d i n a t e  t h r o u g h  t h r u s t  and 
o r i e n t a t i o n  o r  movement away from  a  s u b o r d i n a t e  se ldom  l a s t s  more t h a n  a  
s e c o n d  o r  tw o .  The o p e r c u l a  o f  t h e  c h a r g i n g  f i s h  a r e  u s u a l l y  m o d e r a te ly  
f l a r e d ,  a n d  o f t e n  become w id e ly  f l a r e d  a s  i t  n e a r s  t h e  t h r e a t e n e d  f i s h .  
The c a u d a l  f i n  i s  f l a r e d ,  b u t  f u n c t i o n s  i n  lo c o m o t io n  an d  i s  p r o b a b l y  n o t  
i n v o l v e d  i n  t h e  d i s p l a y  p o s t u r e .  The d o r s a l  an d  a n a l  f i n s  a r e  d e p r e s s e d ,  
p e r h a p s  a s  a  r e s u l t  o f  r a p i d  movement t h r o u g h  t h e  w a t e r ,  r a t h e r  t h a n  a c ­
t i v e  m u s c u la r  c o n t r a c t i o n .  The p a i r e d  f i n s  a r e  f o l d e d .  The C h a rg e  may 
be i n i t i a t e d  from a n y  p o s i t i o n  i n  t h e  t a n k ,  and  may b e  d i r e c t e d  to w a rd  a
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f i s h  a b o v e ,  b e lo w ,  o r  a t  t h e  same l e v e l  a s  t h e  a g g r e s s o r .  The C harge  
i s  o f t e n  a c c o m p a n ie d  o r  f o l lo w e d  by S naps  ( d e s c r i b e d  b e lo w ) .  About 
6 p e r  c e n t  o f  a l l  C h a rg e s  l e a d  d i r e c t l y  i n t o  C h a se s  ( d e s c r i b e d  b e lo w ) ,  
an d  f o r  t h e  p u r p o s e s  o f  s c o r i n g ,  a  C h arg e  w hich  was c a r r i e d  t h r o u g h  a  
d i s t a n c e  g r e a t e r  t h a n  40  cm was s c o r e d  a s  a  C h a s e .  I t  i s  d i f f i c u l t  t o  
d i s t i n g u i s h  b e tw e e n  a  l o n g  C h arg e  an d  a  s h o r t  C h a s e ,  s i n c e  b o th  move­
m e n ts  c o n t a i n  t h e  same m o to r  p a t t e r n s .  The C h arg e  i s  t h e  o n ly  a g g r e s ­
s i v e  movement s e e n  i n  t h e  b a s s  w h ich  r e s e m b le s  t h e  f r o n t a l  t h r e a t  d e ­
s c r i b e d  f o r  p u m p k in se e d s  ( L .  g i b b o s u s ) by  M i l l e r  ( I 9 6 3 ) and  by H ad ley
(1 9 6 9).
C hase  (0 8 )
The C hase  i s  s i m i l a r  t o  t h e  C h a rg e ,  from w hich  i t  d i f f e r s  p r i ­
m a r i l y  i n  d u r a t i o n  a n d  i n  d i s t a n c e .  An a g g r e s s i v e  f i s h  may o r i e n t  t o ­
ward a n o t h e r  f i s h  a n d  c h a s e  i t  f o r  d i s t a n c e s  v a r y i n g  from  s e v e r a l  
c e n t i m e t e r s  t o  s e v e r a l  c i r c u i t s  o f  t h e  a q u a r iu m  ( 1 - 2  m ). The o p e r c u l a  
o f  t h e  c h a s i n g  f i s h  may be f l a r e d .  I t  u s u a l l y  s n a p s  a t  t h e  s u b o r d i n a t e  
f i s h  s e v e r a l  t i m e s  d u r i n g  a  C h a s e ,  b u t  a c t u a l  c o n t a c t  i s  r a r e .  A lo n g  
C hase  may l a s t  f o r  t e n  s e c o n d s ,  b u t  t y p i c a l  d u r a t i o n  i s  a b o u t  f o u r  s e ­
c o n d s .  B o th  t im e  an d  d i s t a n c e  c r i t e r i a  w ere  u s e d  t o  s c o r e  C h a se s  i n  t h e  
v a r i a b l e  s p a c e s  o f  t h e  e x p e r i m e n t a l  t a n k ,  w here  t h e  s m a l l e s t  s p a c e  was 
o n l y  20  cm on a  s i d e .
Snap  (S )
A S nap  i s  a  b i t e  to w a rd  a n o t h e r  f i s h .  The m outh may be  o p en ed  
r a t h e r  s l o w l y ,  b u t  i s  a lw a y s  s n a p p e d  s h u t  q u i c k l y .  An a g g r e s s i v e  f i s h  
u s u a l l y  s n a p s  a t  a  s u b o r d i n a t e  f i s h  s e v e r a l  t im e s  d u r in g  a  C harge  o r  a  
C h a s e .  The num ber o f  S naps  d u r i n g  t h e s e  b o u t s  v a r i e s .  The d i s t a n c e  
a t  w h ic h  a n  a g g r e s s i v e  f i s h  s n a p s  a t  a  s u b o r d i n a t e  a l s o  v a r i e s  from  s e ­
v e r a l  c e n t i m e t e r s ,  a s  d u r i n g  a  C h a s e ,  t o  one o r  two c e n t i m e t e r s .  A c tu a l  
c o n t a c t  i s  e x t r e m e l y  r a r e .  O f 3 8 I I  S naps  o b s e r v e d ,  o n ly  11 a c t u a l l y  
to u c h e d  t h e  s u b o r d i n a t e  f i s h .  I n  a l l  e l e v e n  i n s t a n c e s ,  t h e  a g g r e s s o r  
b i t  a n d  tu g g e d  a t  t h e  p e c t o r a l  f i n  o f  t h e  s u b o r d i n a t e  f i s h .  S n ap s  a r e  
d i r e c t e d  m ost f r e q u e n t l y  to w a rd  t h e  h e a d  o f  t h e  a t t a c k e d  f i s h  ( ? 0  p e r  
c e n t ) ,  l e s s  f r e q u e n t l y  t o  t h e  body ( b e tw e e n  o p e rc u lu m  an d  p o s t e r i o r
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i n s e r t i o n  o f  t h e  a n a l  f i n ,  26 p e r  c e n t ) ,  an d  r a r e l y  to w a rd  t h e  t a i l  
ih  p e r  c e n t .  F i g ,  3 - A ) ,
S n a p s  a r e  n e a r l y  a lw a y s  a s s o c i a t e d  w i th  C h a r g e s ,  C h a se s  an d  v e ry  
r a r e l y ,  w i t h  A p p ro a c h e s ,  O c c a s i o n a l l y ,  when c l o s e  t o  a  s u b o r d i n a t e ,  an  
ag g re sv so r  w i l l  m e re ly  t u r n  to w a rd  t h e  o t h e r  f i s h  an d  s n a p  a t  i t .
T a i l - b e a t  (TB)
T h i s  i n t e r e s t i n g  b e h a v i o r  h a s  b e e n  d e s c r i b e d  f o r  many s p e c i e s  o f  
f i s h ,  i n c l u d i n g  c e n t r a r c h i d s .
A T a i l - b e a t  b e g i n s  when one f i s h  a l i g n s  h i m s e l f  p a r a l l e l  w i th  
a n o t h e r .  The two f i s h  may be  a l i g n e d  h e a d - t o - h e a d  o r  h e a d - t o - t a i l ,  and  
a r e  u s u a l l y  so  c l o s e  t o g e t h e r  t h a t  d u r in g  t h e  b e a t  t h e  c a u d a l  f i n  o f  t h e  
a g g r e s s i v e  f i s h  f r e q u e n t l y  b r u s h e s  t h e  s u b o r d i n a t e  ( F i g ,  4 - A ) ,  The h e a d  
o f  t h e  a g g r e s s i v e  f i s h  i s  r a i s e d  s l i g h t l y ,  an d  t h e  mouth open  t o  tw o -  
t h i r d s  o f  f u l l  g a p e .  A l l  f i n s  a r e  u s u a l l y  e r e c t e d ,  and  t h e  c a u d a l  f i n  
i s  a lw a y s  w id e ly  s p r e a d ,  O p e r c u l a  a r e  m o d e r a te ly  t o  w id e ly  f l a r e d .
I n  t h e  T a i l - b e a t ,  t h e  l a t e r a l  m u sc le  m a sse s  on one s i d e  o f  t h e  f i s h  
a r e  c o n t r a c t e d ,  w hich  a r c h e s  t h e  f i s h  i n t o  a  s h a l lo w  C - s h a p e .  Then t h e  
l a t e r a l  m u s c le s  on  t h e  o t h e r  s i d e  a r e  c o n t r a c t e d ,  a r c h i n g  t h e  f i s h  i n  t h e  
o p p o s i t e  d i r e c t i o n .  The movement i s  v i g o r o u s .  One b a c k - a n d - f o r t h  f l e x u r e  
i s  d e f i n e d  a s  a  T a i l - b e a t ,  The b e a t s  h av e  a  f r e q u e n c y  o f  a b o u t  two p e r  
s e c o n d .  The u s u a l  b o u t  l a s t s  f o r  t h r e e  b e a t s ,  b u t  r a n g e s  from  one t o  f i v e  
b e a t s ,  r e g a r d l e s s  o f  s o c i a l  g r o u p  s i z e .  S naps  w ere  n e v e r  s e e n  d u r i n g  
b o u t s  o f  t a i l - b e a t i n g .
T a i l - b e a t i n g  was c h a r a c t e r i s t i c a l l y  one o f  t h e  f i r s t  i n t e r a c t i o n s  
s e e n  w i t h i n  a  n e w ly - fo rm e d  s o c i a l  g r o u p  o f  b a s s .  I t  was r a r e l y  o b s e r v e d  
i n  s o c i a l  *-roups w h ich  h a d  b e e n  i n  t h e  same t a n k  f o r  o v e r  t w e n t y - f o u r  
h o u r s .
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F i g ,  3"A, R e l a t i v e  f re q u e n c y  o f  Snaps to  h e a d ,  b o d y ,  an d  t a i l  i n  
p a i r s ,  t r i o s ,  and q u a r t e t s .
F i g ,  3-B , Mean a n g le  o f  d e c l i n a t i o n  from h o r i z o n t a l  o f  f i s h  i n
Head-down posture in pairs, trios, and quartets. Range 
15®-90® in all three groups.
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F i g ,  4-A. T a i l - b e a t i n g .  View from a b o v e .  F i s h  1 i s  shown
t a i l - b e a t i n g  f i s h  2 .  The f o r c e  o f  t h e  w a te r  moved 
by T a i l - b e a t s  i s  s t r o n g  enough t o  s w i r l  l a r g e  sa n d  
g r a i n s  from t h e  s u b s t r a t e .
F ig .  4 -B , Charge and H e e l - o v e r .  L a t e r a l  v ie w . F i s h  1 i s  
i l l u s t r a t e d  c h a r g in g  f i s h  2» w hich i s  r e s p o n d in g  
w ith  a H e e l - o v e r .  The s p in o u s  f i n s  o f  t h e  c h a r ­
g in g  f i s h  a r e  d e p r e s s e d ,  and i t s  o p e r c u la  a r e  
m o d e ra te ly  f l a r e d ,  e x p o s in g  a  few g i l l  f i l a m e n t s .  
The H e e l in g - o v e r  f i s h  h a s  i t s  s p in o u s  r a y s  e r e c t  
and  o r i e n t s  i t s e l f  so a s  t o  expose  i t s  f u l l  l a t e ­
r a l  a s p e c t  t o  t h e  a g g r e s s i v e  f i s h .  T h is  movement 
e f f e c t i v e l y  s t o p s  im m edia te  f u r t h e r  a g g r e s s i o n .
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No R e sp o n se  (N)
O c c a s i o n a l l y ,  a  s u b o r d i n a t e  f i s h  showed no o b s e r v a b l e  r e s p o n s e  
t o  a  t h r e a t  d i r e c t e d  to w a rd  i t .  F a i l u r e  t o  r e s p o n d  t o  a g g r e s s i o n  o c ­
c u r r e d  m ost f r e q u e n t l y  a t  h ig h  d e n s i t i e s ,  o r  when a  f i s h  was n o t  y e t  
a c c u s to m e d  t o  a  new t a n k  an d  s p e n t  much o f  i t s  t im e  f l u t t e r i n g  a g a i n s t  
t h e  g l a s s  w a l l s .
S u b m is s iv e  P a t t e r n s
A void  (A)
T h i s  movement i s  a n  o r i e n t a t i o n - a w a y  from  a n  a g g r e s s i v e  f i s h ,  
b u t  d o e s  n o t  i n v o l v e  movement t o  a  d i f f e r e n t  p a r t  o f  t h e  t a n k ,  a s  d e ­
s c r i b e d  f o r  R e t r e a t s  an d  F l i g h t s .  F in  an d  o p e r c u l a r  p o s i t i o n  v a r y  
w i d e l y .  S p in o u s  f i n s  may o r  may n o t  be  e r e c t e d .  O c c a s i o n a l l y ,  o p e r ­
c u l a  a r e  f l a r e d  b r i e f l y .  The movement a c c o m p l i s h e s  a  c h a n g e  i n  o r i ­
e n t a t i o n ,  r a t h e r  t h a n  i n  p o s i t i o n  w i t h i n  t h e  a q u a r iu m .  By t h e  a v o id a n c e  
m ovem ent, a  s u b o r d i n a t e  f i s h  rem o v es  i t s  f r o n t a l  o r  l a t e r a l  a s p e c t  from 
t h e  v i s u a l  f i e l d  o f  a  c h a r g i n g  o r  a p p r o a c h in g  f i s h .  T h a t  i s ,  a f t e r  a n  
a v o i d a n c e  movement i s  c o m p le t e d ,  a n  a t t a c k i n g  f i s h  v ie w s  a n  a v o i d i n g  
f i s h  from  d i r e c t l y  b e h i n d ,  o r  from  b e h in d  a n d  s l i g h t l y  t o  one s i d e .
A void  o c c u r s  l e s s  f r e q u e n t l y  t h a n  R e t r e a t ,  b u t  c o m p r is e s  a  s i g n i f i c a n t  
p r o p o r t i o n  o f  t h e  f i s h ' s  b e h a v i o r a l  r e p e r t o i r e .
R e t r e a t  (R)
A R e t r e a t  b e g i n s  w i th  a n  o r i e n t a t i o n  away from  a n  a p p r o a c h in g  o r  
c h a r g i n g  f i s h  a n d  im m e d ia te ly  l e a d s  i n t o  a  s h o r t ,  f a s t  d a r t ,  t h e n  g l i d e ,  
t o  a  new p o s i t i o n  i n  t h e  t a n k .  I f  p u r s u e d  t o  t h e  new p o s i t i o n ,  u s u a l l y  
1 5 - 2 0  cm from  t h e  s i t e  o f  t h e  i n i t i a l  e n c o u n t e r ,  t h e  R e t r e a t  u s u a l l y  
d e v e l o p s  i n t o  a  F l i g h t ,  I n  t h e  a c t i v e  swimming p h a s e ,  o n ly  t h e  s p in o u s  
f i n s  a r e  e r e c t e d .  D u r in g  t h e  g l i d e  p h a s e ,  m ed ian  an d  p a i r e d  f i n s  a r e  
a l l  f o l d e d .  T h r e a t e n e d  f i s h  may r e t r e a t  i n  any  d i r e c t i o n  away from  t h e
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a g G r e s s o r ,  No t e n d e n c y  t o  r e t r e a t  u p w ard s  r a t h e r  t h a n  downwards was 
o b s e r v e d ,
A R e t r e a t  i s  s h o r t  i n  d u r a t i o n  an d  d i s t a n c e .  I t  se ldom  l a s t s  
l o n g e r  t h a n  two s e c o n d s .  S in c e  t h e  m o to r  p a t t e r n s  a r e  t h e  same a s  
t h o s e  s e e n  i n  F l i g h t ,  a  l e n g t h y  R e t r e a t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  
from  a  s h o r t  F l i g h t .  T h e r e f o r e ,  movements s h o r t e r  th a n  30 cm w ere  
s c o r e d  a s  R e t r e a t s .  L o n g e r  m ovem ents w ere  s c o r e d  a s  F l i g h t s .
F l i g h t  (F )
S om otiî 'îe s ,  a n  a g g r e s s i v e  movement r e l e a s e s  F l i g h t  b e h a v i o r  i n  
a  s u b o r d i n a t e  f i s h .  The t h r e a t e n e d  f i s h  d a r t s  v e ry  r a p i d l y  and  e v a ­
s i v e l y  away from t h e  a g g r e s s i v e  f i s h .  T h e re  i s  no g l i d e  p h a s e .  A 
F l i g h t  may l a s t  f o r  s e v e r a l  s e c o n d s ,  and  r a n g e  i n  d i s t a n c e  from 3F cm 
t o  s e v e r a l  c i r c u i t s  o f  t h e  t a n k .  F r e q u e n t l y ,  a  f l e e i n g  f i s h  w i l l  c o n ­
t i n u e  t o  d a r t  r a p i d l y  and  e v a s i v e l y  a b o u t  t h e  t a n k  f o r  s e v e r a l  s e c o n d s  
a f t e r  a  p u r s u i n g  f i s h  h a s  b ro k e n  o f f  i t s  c h a s e .  The movement i s  v e ry  
f a s t ,  an d  p o s i t i o n s  o f  f i n s  and  o p e r c l e s  w ere  d i f f i c u l t  t o  s e e .  I t  i s  
l i k e l y  t h a t  s p in o u s  f i n s  a r e  q u i c k l y  e r e c t e d ,  b u t  t h a t  p a i r e d  f i n s  a r e  
u s e d  t o  a s s i s t  l o c o m o t io n .  F r e q u e n t l y ,  a t  t h e  end o f  lo n g  F l i g h t s ,  t h e  
m outh i s  o p en ed  an d  s h u t ,  r a p i d l y  an d  a r h y t h m i c a l l y . T h i s  movement r e ­
s e m b le s  m o u th - s n a p p in g  d e s c r i b e d  f o r  s u n f i s h  (L . g i b b o s u s ) by M i l l e r
( 1 9 6 3 ) .
H e e l - o v e r  (HO)
’■/hen t h r e a t e n e d  from  ab ove  o r  b e lo w ,  a  s u b o r d i n a t e  f i s h  o f t ^ n  r o ­
t a t e d  a l o n g  i t s  lo n g  body a x i s  so  t h a t  i t s  f u l l  l a t e r a l  a s p e c t  was t u r ­
n ed  to w a rd  t h e  a g g r e s s i v e  f i s h  ( F i g .  A -E ) .  T h i s  movement i s  te rm e d  HeeJ 
o v e r .  U s u a l ly  o n l y  s p in o u s  f i n s  a r e  f u l l y  e r e c t e d .  The p i t c h  o f  t h e  
H e e l - o v e r  r a n g e s  from  15® t o  90®• The p o s i t i o n  i s  e i t h e r  h e l d  f o r  a s  
l o n g  a s  t h e  t h r e a t e n i n g  f i s h  i s  w i t h i n  a  few c e n t i m e t e r s  o f  t h e  s u t u r -  
d i n a t e ,  o f t e n  s e v e r a l  s e c o n d s ,  o r  i t  i s  h e l d  f o r  a  s e c o n d  o r  tv jo , a f t ^ r  
w h ich  t h e  s u b o r d i n a t e  f i s h  d o e s  a  H ead-dow n, A v o id ,  o r  R e t r e a t .  A few
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f i s h  w ere  o b s e r v e d  q u i v e r i n g  when i n  a  s t e e p l y - t i l t e d  H e e l - o v e r .
R a r e l y , h e e l e d - o v e r  f i s h  showed v e r y  r a p i d  p e c t o r a l  f a n n i n g .
H ead-dow n (HP)
As a  t h r e a t e n i n g  f i s h  n e a r s »  t h e  s u b o r d i n a t e  f i s h  may o r i e n t  
i t s  body  s u c h  t h a t  i t s  h e a d  p o i n t s  dow nw ard. T h i s  movement i s  c a l l e d  
H ead-dow n. The s p e e d  w i t h  w h ich  t h i s  p o s t u r e  i s  assum ed  v a r i e s  a c ­
c o r d i n g  t o  t h e  i n t e n s i t y  o f  t h e  a g g r e s s i o n  d i r e c t e d  to w a rd  i t .  I f  a  
f i s h  i s  v i g o u r o u s l y  c h a r g e d ,  i t  w i l l  q u i c k l y  t i l t  i t s  body i n t o  a  H ead-  
down. I f  i t  i s  a p p r o a c h e d  s l o w l y ,  i t  w i l l  t i l t  s lo w ly  i n t o  a  Head-down 
a s  t h e  t h r e a t e n i n g  f i s h  n e a r s .  The body may be t i l t e d  down a s  much a s  
9 0 ® from  t h e  h o r i z o n t a l ,  b u t  u s u a l l y  i t  i s  t i l t e d  t o  a b o u t  40®. S te e p  
H ead-dow ns ( o v e r  50®) may be  a c c o m p a n ie d  by s l i g h t ,  b u t  v e r y  r a p i d  
q u i v e r i n g .  Q u i v e r i n g ,  a  m o to r  p a t t e r n  a s s o c i a t e d  w i th  r e p r o d u c t i v e  b e ­
h a v i o r  f o r  many s p e c i e s  i n c l u d i n g  c e n t r a r c h i d s  ( H u n te r ,  1 9 6 5 ) ,  was ob­
s e r v e d  i n  t h e  b a s s  o n ly  d u r i n g  Head-down and  H e e l - o v e r  m ovem ents .
The H ead-dow n p o s i t i o n  i s  m a in t a in e d  f o r  a s  lo n g  a s  t h e  t h r e a t ­
e n i n g  f i s h  l i n g e r s  w i t h i n  t h r e e  o r  f o u r  c e n t i m e t e r s  o f  t h e  s u b o r d i n a t e .  
The body  i s  b e n t  i n t o  a  s l i g h t  s ig m o id  c u r v e ,  w i th  p a i r e d  f i n s  f o l d e d .  
The m e d ia n  f i n s  a r e  e r e c t e d  s l i g h t l y  t o  f u l l y .  The e x t e n t  t o  w hich  t h e  
m e d ia n  f i n s  a r e  e r e c t e d  a p p e a r s  t o  d ep en d  on  t h e  p r o x im i t y  o f  t h e  
t h r e a t e n i n g  f i s h .  As a n  a g g r e s s i v e  f i s h  n e a r s ,  t h e  f i n s  become i n c r e a ­
s i n g l y  e r e c t ,  an d  a s  t h e  a g g r e s s o r  r e t i r e s ,  t h e  f i n s  g r a d u a l l y  d e p r e s s .
A f i s h  p e r s i s t e n t l y  t h r e a t e n e d  w h i l e  i n  a  Head-down p o s t u r e  o c ­
c a s i o n a l l y  f l a r e s  i t s  o p e r c l e s  m o d e r a t e l y ,  an d  h o l d s  them f l a r e d  f o r  a
s e c o n d  o r  tw o .
I n  a d d i t i o n  t o  t h e  o r i e n t a t i o n  o f  t h e  body i n  r e l a t i o n  t o  t h e  
h o r i z o n t a l  p l a n e  an d  l i n e  o f  a p p r o a c h  b y  t h e  a g g r e s s o r ,  t h e r e  i s  r o t a ­
t i o n  a b o u t  t h e  l o n g  a x i s  o f  t h e  b o d y .  I f  t h r e a t e n e d  from ab ove  o r  b e ­
lo w ,  a  s u b o r d i n a t e  f i s h ,  w h i le  a s s u m in g  a  Head-down p o s t u r e ,  s i m u l ­
t a n e o u s l y  r o l l s  i t s  body  so  t h a t  one s i d e  i s  d i r e c t e d  to w a rd  t h e
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a g g r e s s o r  a t  a b o u t  a  r i g h t  a n g l e .
The s t e e p n e s s  o f  t h e  Head-down p o s t u r e  may s e r v e  a s  a  m easu re  o f
i n t i m i d a t i o n  o f  t h e  s u b o r d i n a t e  f i s h .  A s e v e r e l y  cowed f i s h  may assum e 
a  H ead-dow n p o s t u r e  i n  a  c o r n e r  o f  t h e  t a n k ,  and  m a i n t a i n  t h a t  p o s t u r e  
e v e n  when a n  a g g r e s s i v e  f i s h  i s  n e i t h e r  t h r e a t e n i n g  n o r  c l o s e  b y .  I f  a  
f i s h  i s  a l r e a d y  a s su m in g  a  Head-down p o s t u r e  and  i s  c h a r g e d  o r  a p p r o a ­
c h e d  by a  d o m in an t  f i s h ,  t h e  s t e e p n e s s  o f  +-he Head-down i s  s u d d e n ly  i n ­
c r e a s e d  and  n a i n t a i n e d  a t  t h i s  new, s t e e p e r  p i t c h  u n t i l  t h e  a g g r e s s o r  
r e t i r e s .
The B a s e l i n e  E x p e r im e n ts  
The R e l a t i v e  F re q u e n c y  o f  A g o n i s t i c  b e h a v i o r a l  E le m e n ts
Some o f  t h e  a g o n i s t i c  b e h a v i o r a l  e l e m e n t s  a p p e a r  much more f r e ­
q u e n t l y  t h a n  o t h e r s .  C h a rg e s  a r e  t h e  m ost f r e q u e n t  o f  t h e  a g o n i s t i c  
b e h a v i o r s  o f  young b a s s .  The movement c o n s t i t u t e s  o n e - t h i r d  ( 3 3 .1  
p e r  c e n t )  o f  a l l  a g o n i s t i c  movements o b s e r v e d .  The r e l a t i v e  num bers 
o f  a g o n i s t i c  movements p e r fo rm e d  d u r in g  a l l  b a s e l i n e  and  volurne- 
s u b s t r a t e  e x p e r im e n t s  a r e  su m m arised  i n  F i g u r e  5 t  d a t a  p r e s e n t e d  i n  
T a b le  1 ,  A p p e n d ix .
A g g r e s s iv e  and  S u b m is s iv e  Movements
a g g r e s s i v e n e s s  i s  u s u a l l y  e x p r e s s e d  by a s i  n p le  m ovem ent, tlio
C h a r g e .  S u b m is s iv e n e s s  i s  e x p r e s s e d  by f o u r  m ovem ents — A v o id ,  R e t r e a t ,
F l i g h t ,  a n d  H ead-dow n, w hich  a r e  p e r fo rm e d  w i th  s i m i l a r  f r e q u e n c i e s .  
C h a rg e s  c o n s t i t u t e  ? 8 . 8  p e r  c e n t  o f  a l l  a g g r e s s i v e  m ovem ents . F a i l u r e  
t o  r e s p o n d  i s  i n f r e q u e n t .  Fewer t h a n  4 p e r  c e n t  o f  a l l  a g g r e s s i v e  
m ovem ents f a i l e d  t o  evoke  a  d e t e c t a b l e  r e s p o n s e .  The r e l a t i v e  number^ 
o f  a g g r e s s i v e  and s u b m is s iv e  movements p e r fo rm e d  d u r in g  a l l  b a s e l i n e  
a n d  v o l u m e - s u b s t r a t e  e x p e r im e n t s  a r e  sum m arized  i n  F i g u r e  6 ,  w i th  d a t a  
p r e s e n t e d  i n  T a b le  2 ,  A p p en d ix .
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F ig ,  7* The r e l a t i v e  f re q u e n c y  o f  s u b m is s iv e  r e s p o n s e s  t o  
a g g r e s s i v e  movements. Width o f  b l a c k  a r ro w s  r e ­
p r e s e n t s  r e l a t i v e  f r e q u e n c y .  AP = A p p ro ach ,  CG -  
C h a rg e ,  OS = C h ase ,  IB = T a i l - b e a t ,  S = S n a p ,  N =
No R esponse ,  A = A void, R = R e t r e a t ,  HD = H ead-dow n, 
HO = Heel-over, F = F l e e .
A, R esponses  t o  C h a rg e s ,
B , R esponses  t o  A p p ro ach es ,
C, R esponses  t o  T a i l - b e a t s .
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F ig ,  6-A , The r e l a t i v e  f r e q u e n c i e s  o f  a g g r e s s i v e  m ovem ents,*  
T o t a l  f o r  b a s e l i n e  e x p e r im e n ts  = 6 ,$ 8 6 ;  t o t a l  f o r  
v o lu m e - s u b s t r a t e  e x p e r im e n ts  = 1 ,4 3 3 ,
*Snaps ex c lu d e d
F ig ,  6 -B , The r e l a t i v e  f r e q u e n c i e s  o f  s u b m is s iv e  m ovem ents. 
T o ta l  f o r  b a s e l i n e  e x p e r im e n ts  = 5 ,9 8 5 ;  t o t a l  f o r  
v o lu m e - s u b s t r a t e  e x p e r im e n ts  = 1 ,3 6 5 ,
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S u b m is s iv e  R e sp o n se s  t o  A g g r e s s iv e  Movements
The r e l a t i v e  f r e q u e n c y  w i th  w hich  t h e  s u b m is s iv e  r e s p o n s e s  
R e t r e a t ,  A v o id ,  H ead-dow n, and  H e e l - o v e r  a r e  p e r fo rm e d  i n  r e s p o n s e  
t o  C h a r g e s ,  A p p ro a c h e s ,  o r  T a i l - b e a t s  i s  a b o u t  e q u a l  ( F i g ,  7 )*
H ow ever, t h e  f r e q u e n c y  o f  F l i g h t  an d  No R esponse  i n  r e s p o n s e  t o  t h e s e  
t h r e e  a g g r e s s i v e  m ovem ents d i f f e r s .  F l i g h t  i s  r e l e a s e d  by 20  p e r  c e n t  
o f  C h a r g e s ,  b u t  o n ly  by 9 p e r  c e n t  o f  A p p ro a c h e s  and  1 ,5  p e r  c e n t  o f  
T a i l - b e a t s .  Nq R esp o n se  f o l l o w s  4 . 0  p e r  c e n t  o f  C h a r g e s ,  and  o n ly  
1 . 7  p e r  c e n t  o f  A p p ro a c h e s ,  b u t  1 9 .4  p e r  c e n t  o f  T a i l - b e a t s  a r e  f o l ­
low ed by  No R esponse  ( T a b le  3» A p p e n d ix ) ,
C h a rg e  an d  A p p ro a c h ,  r e l a t i v e l y  r a p i d  movements o v e r  a t  l e a s t  a  
s h o r t  d i s t a n c e ,  e l i c i t  s i m i l a r  p r o p o r t i o n s  o f  s u b m is s iv e  r e s p o n s e s .  
T a i l - b e a t s ,  w hich  do n o t  i n v o l v e  movem ent, e l i c i t  F l i g h t  i n f r e q u e n t l y ,  
a n d  o f t e n  f a i l  t o  e l i c i t  a n y  r e s p o n s e .  T hese  d i f f e r e n t i a l  r e s p o n s e s  
c l e a r l y  show t h a t  t h e  d i f f e r e n t  a g g r e s s i v e  movements h av e  d i f f e r e n t  
s i g n a l  v a l u e s .
S im p le  a n d  Complex B o u ts
A s im p le  b o u t  i s  d e f i n e d  a s  an  a g o n i s t i c  e n c o u n t e r  i n  w hich  a  
s i n g l e  a g g r e s s i v e  movement i s  r e s p o n d e d  t o  by a s i n g l e  s u b m is s iv e  r e ­
s p o n s e ,  f o l l o w i n g  w hich  t h e r e  i s  no f u r t h e r  im m e d ia te  i n t e r a c t i o n .  
C h a r g e - R e t r e a t  i s  a n  e x a m p le .  A com plex  b o u t  i s  d e f i n e d  a s  a n  a g o ­
n i s t i c  e n c o u n t e r  i n  w h ich  a n  a g g r e s s i v e  movement, r e s p o n d e d  t o  by a  
s u b m is s iv e  m ovement, i s  f o l lo w e d  im m e d ia te ly  by  a n o t h e r  a g g r e s s i v e  
movement w h ich  i s  r e s p o n d e d  t o  by a  s u b m is s iv e  m ovement. C h a r g e -  
R e t r e a t - C h a s e - F l i g h t  (CG-R-GS-F) i s  a n  e x a m p le .
O f 7 ,0 7 2  a g g r e s s i v e  e n c o u n t e r s  o b s e r v e d ,  o n ly  t h r e e  b o u t s  
( 0 , 0 4  p e r  c e n t )  c o n t a i n e d  more th a n  f o u r  e l e m e n t s .
B e c a u se  n e a r l y  e v e r y  a g g r e s s i v e  s i g n a l  e l i c i t e d  a  r e s p o n s e ,  and 
b e c a u s e  a g o n i s t i c  e n c o u n t e r s  b e tw e e n  young b a s s  t e n d  t o  be r a p i d  and
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F i g .  5» The p e r c e n ta g e  f re q u e n c y  o f  a g o n i s t i c  b e h a v io r  e l e m e n t s .
T o t a l  e le m e n ts  f o r  b a s e l i n e  e x p e r im e n ts  = 1 5 ,5 8 9 .  T o t a l  
f o r  v o lu m e - s u b s t r a t e  e x p e r im e n ts  = 3*^25* AP = A p proach ,
CG = C h arg e ,  CS = C h ase ,  TB = T a i l - b e a t ,  S = S n a p ,  N = No 
R esp o n se , A = A void , R = R e t r e a t ,  HD = Head-down, HO = H e e l -  
o v e r ,  F = F l e e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




(5 (5 d) (?) (é
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30
b r i e f ,  b o u t s  t e n d e d  t o  b e  e i t h e r  t w o - p a r t  ( s i m p l e )  o r  f o u r - p a r t  ( c o m p le x ) .
The v a s t  m a j o r i t y  o f  b o u t s  w ere  s i m p l e ,  o n ly  6*8 p e r  c e n t  o f  a l l  b o u t s  
w ere  c o m p lex  i n t e r a c t i o n s *  The o c c u r e n c e  an d  r e l a t i v e  f r e q u e n c y  o f  a l l  
s im p l e  a n d  com plex  b o u t s  o b s e r v e d  i n  t h e  b a s e l i n e  e x p e r im e n t s  i s  r e ­
c o r d e d  i n  T a b le  4 o f  t h e  A ppendix*
Complex B o u ts  i n  A g o n i s t i c  I n t e r a c t i o n s
A l l  com plex  b o u t s  a r e  i n i t i a t e d  w i th  a  C h a rg e ,  and  n e a r l y  h a l f  
( 4 8 ,3  p e r  c e n t )  o f  them  a r e  t h e  s e q u e n c e  CG-H-CS-F ( F i g ,  8 ,  a n d  T a b le  
5 I A p p e n d ix ) ,
D i f f e r e n t  s u b m is s iv e  r e s p o n s e s  s e l e c t i v e l y  r e l e a s e  d i f f e r e n t  
t y p e s  o f  a g g r e s s i v e  m ovem ents ( F i g ,  9 ) ,  A R e t r e a t ,  f o r  e x a m p le ,  
f r e q u e n t l y  e l i c i t s  C h a s e ,  b u t  r a r e l y  e l i c i t s  T a i l - b e a t ,  A Head-down 
p o s t u r e ,  on  t h e  o t h e r  h a n d ,  f r e q u e n t l y  e l i c i t s  T a i l - b e a t ,  b u t  r a r e l y  
e l i c i t s  C hases*  F l e e i n g  a lw a y s  e l i c i t s  C h a s e s  an d  n e v e r  e l i c i t s  T a i l -  
b e a t s ,  H e e l - o v e r  and  No R esp o n se  n e v e r  a p p e a r e d  i n  com plex  b o u ts *
S u b m is s iv e  R e sp o n se s  a s  I n h i b i t o r s  o f  A g g r e s s io n
I n  o r d e r  t o  e s t i m a t e  t h e  e f f e c t i v e n e s s  o f  s u b m is s iv e  r e s p o n s e s  
a s  i n h i b i t o r s  o f  a g g r e s s i o n ,  t h e  f r e q u e n c y  w i th  w h ich  a  g iv e n  r e s p o n s e  
e l i c i t e d  f u r t h e r  a g g r e s s i o n  was d e t e r m in e d .  T h ese  f r e q u e n c i e s  a r e  l i s t e d  
i n  T a b le  3» F l i g h t  an d  R e t r e a t  w ere  m ost f r e q u e n t l y  fo l lo w e d  by f u r t h e r  
a g g r e s s i o n .  H e e l - o v e r  and  No R esp o n se  w ere  n e v e r  f o l lo w e d  by  a g g r e s s i o n .  
T h e se  d a t a  show t h a t  s u b m is s iv e  r e s p o n s e s  h av e  d i f f e r e n t  s i g n a l  v a l u e s  
r e l a t e d  t o  t h e i r  e f f e c t i v e n e s s  i n  i n h i b i t i n g  f u r t h e r  a g g r e s s i o n .
E f f e c t  o f  D e n s i ty  on  A g o n i s t i c  B e h a v io r
F o r  t h e  b a s e l i n e  e x p e r i m e n t s ,  e a c h  b e h a v i o r a l  p a r a m e te r  e x c e p t  
S n ap s  was t r e a t e d  w i th  a  Model I  s i n g l e  c l a s s i f i c a t i o n  a n a l y s i s  o f  
v a r i a n c e .  The e f f e c t s  o f  d e n s i t y  on  t h e  t o t a l  am ount o f  a g o n i s t i c  b e h a -  
v i o s  p e r  g ro u p  i n  t h e  d i f f e r e n t  g r o u p s ,  a n d  t h e  mean a g o n i s t i c  b e h a v i o r
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Fig, 8, The relative frequency of complex bouts of agonistic 
behavior (375 bouts), AP = Approach, CG = Charge,
CS = Chase, TB = Tail-beat, S = Snap, N = No Response,
A = Avoid, R s Retreat, HD = Head-down, HO = Heel-over, 
F s Flee,
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Fig, 9, The relative frequency of occurrence of behavioral 
elements of complex bouts. Width of black arrows 
indicates relative frequency of sequences. CG « 
Charge, CS = Chase, TB = Tail-beat, A = Avoid,
R = Retreat, HD = Head-down, F = Flee.
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TABLE 3. S u b m is s iv e  r e s p o n s e s  t o  a g g r e s s i o n  w h ich  e l i c i t  f u r t h e r
a g g r e s s i o n . n = t o t a l  num ber 
B a s e l i n e
o f  s u b m is s iv e  r e s p o n s e s  a s  : 
e x p e r i m e n t s .
R e sp o n se n p e r  c e n t  o f  r e s p o n s e  w hich  
e l i c i t s  f u r t h e r  a g g r e s s i o n
F l i g h t 1137 11,6
R e t r e a t l8l8 11,2
Head-down 987 5.7
A void 1066 1,8
H e e l - o v e r 183 0,0
No R e sp o n se 207 0.0
T o t a l 5398 3 0 ,3
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p e r  f i s h  i n  t h e  d i f f e r e n t  g ro u p s  w ere  a n a l y s e d .  D e n s i ty  c l e a r l y  i n ­
f l u e n c e s  t h e  f r e q u e n c i e s  o f  m ost o f  t h e  a g o n i s t i c  b e h a v i o r s  i n  t h e  b a s e ­
l i n e  e x p e r i m e n t s  ( T a b le  4 - A ) .  Anova t a b l e s  f o r  t h e  t e s t s  a r e  l i s t e d  i n  
T a b le s  6 a n d  7 o f  t h e  A p p e n d ix ,
T o t a l  C h a rg e s  r e c o r d e d  f o r  t r i o s  w ere  n e a r l y  t w ic e  t h o s e  o b s e r v e d  
i n  p a i r s  ( F i g ,  l O ) ,  T o t a l  R e t r e a t s ,  F l i g h t s ,  H e e l - o v e r s ,  an d  A v o id s  
a l s o  i n c r e a s e d  i n  t h e  l a r g e r  g r o u p s ,  H ead-dow ns, h o w e v e r ,  w ere  o b s e r v e d  
more o f t e n  i n  t r i o s  t h a n  i n  p a i r s  o r  q u a r t e t s  ( F i g .  l l ) .
The mean num ber o f  C h a rg e s  p e r  s o c i a l  g ro u p  i n c r e a s e d  s i g n i f i c a n t l y  
a s  g r o u p  s i z e  i n c r e a s e d  ( P < , 0 0 1 ;  r  = 0 ,3 9 4 ? ;  d f  = 2 3 0 ) .  The mean num­
b e r  o f  C h a s e s  an d  o f  A p p ro a c h e s  was s i g n i f i c a n t l y  g r e a t e r  i n  q u a r t e t s  
t h a n  i n  p a i r s  ( t  = 3 . 6 0 ,  P < , 0 0 1 ;  t  = 5*23» P < , 0 0 1 ,  r e s p e c t i v e l y ) .
Two e l e m e n t s  o f  a g g r e s s i v e  b e h a v i o r ,  T a i l - b e a t  an d  No R e s p o n s e ,  w ere  s i g ­
n i f i c a n t l y  more f r e q u e n t  i n  t r i o s  t h a n  i n  p a i r s  o r  q u a r t e t s  ( F i g ,  1 2 ) .
Most s u b m i s s i v e  b e h a v i o r s  w ere  a l s o  s i g n i f i c a n t l y  g r e a t e r  i n  q u a r ­
t e t s  t h a n  i n  p a i r s .  H ow ever, H ead-dow ns w ere  s i g n i f i c a n t l y  g r e a t e r  i n  
t r i o s  t h a n  i n  p a i r s  o r  q u a r t e t s  ( F i g ,  1 3 ) .
A lth o u g h  t h e  t o t a l  num ber o f  a g g r e s s i v e  a c t s  i n c r e a s e d ,  mean 
C h a rg e s  p e r  f i s h  d i d  n o t  t e n d  t o  i n c r e a s e  w i th  i n c r e a s i n g  d e n s i t y .  T h e re  
w e r e ,  h o w e v e r ,  s i g n i f i c a n t l y  more T a i l - b e a t s  an d  No R e sp o n se s  p e r  f i s h  i n  
t r i o s  t h a n  i n  p a i r s  o r  q u a r t e t s .  T h i s  r e l a t i o n s h i p  was r e v e r s e d  f o r  Ap­
p r o a c h e s  ( F i g .  l 4 ) .  The r e l a t i o n s h i p  b e tw e e n  g ro u p  s i z e  and  am ount o f  
a g g r e s s i o n  i s  n o t  s i m p l e .  I n  g e n e r a l ,  t h e  mean am ount o f  s u b m is s iv e  b e ­
h a v i o r  p e r  f i s h  was g r e a t e r  i n  q u a r t e t s  t h a n  i n  p a i r s .  H ow ever, s u b m is ­
s i v e  b e h a v i o r s  d i d  n o t  t e n d  t o  i n c r e a s e  c o n s i s t e n t l y  w i th  i n c r e a s i n g  d e n ­
s i t y  ( F i g .  1 5 ) .





































A. B a s e l in e  e x p e r im e n ts .  S in g le  c l a s s i f i c a t i o n  
anova: e f f e c t s  o f  d e n s i ty  on a g o n i s t i c  b e ­
h a v io r .
B, V o lu m e -su b s tra te  e x p e r im e n ts .  Three-way 
anova: e f f e c t s  o f  d e n s i t y  on a g o n i s t i c











a g o n i s t i c  b e h a v io r  
p e r  s o c i a l  group
a g o n i s t i c  b e h a v io r  
p e r  f i s h
a g o n i s t i c  b e h a v io r  
p e r  s o c i a l  group
a g o n i s t i c  b e h a v io r  1 
p e r  f i s h
P < ,0 0 1 P <  ,001 P < ,0 0 1 n . s .
< ,0 0 1 < ,0 2 5 < ,0 0 1 P < ,0 0 5
< ,0 0 1 n , s . < .0 2 5 n . s .
< .0 0 1 < ,0 0 1 n , s . n . s .
< ,0 0 1 < ,0 0 1 n . s . n . s .
< ,0 0 1 < ,0 1 0 < .0 5 0 n . s .
< .0 0 1 n , s . < .001 n . s .
< ,0 0 1 < ,0 5 0 < ,0 0 1 n . s .
< .001 < ,0 2 5 < ,0 0 1 n . s .
< ,0 0 1 < ,0 2 5 n . s . n . s .
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Fig* 1 0 ,  T o t a l  C harges  o b s e rv e d  i n  e i g h t y - f o u r  p a i r s ,  e i g h t y - f o u r  
t r i o s ,  and  e i g h t y - f o u r  q u a r t e t s .  B a s e l i n e  e x p e r im e n t s .
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F i g ,  1 1 , T o t a l  R e t r e a t s I  F l i g h t s ,  H ead-dow ns, H e e l - o v e r s ,  and  
A voids o b se rv e d  i n  p a i r s ,  t r i o s ,  and  q u a r t e t s .  B a se ­
l i n e  ex p e r im e n ts*
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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F i g ,  1 2 , Mean number o f  a g g r e s s i v e  movements p e r  s o c i a l  group* 
R e c ta n g le s  r e p r e s e n t  95 p e r  c e n ^  c o n f id e n c e  l i m i t s  f o r  
t h e  mean, w i th  a  c r o s s  l i n e  a t  X, n = e i g h t y - f o u r  
s o c i a l  g ro u p s  a t  each  d e n s i t y .  V e r t i c a l  s c a l e  i s  mean 
number o f  movements p e r  s o c i a l  g ro u p  f o r  e a c h  a g g r e s s i v e  
movement, (M o d if ie d  D ic e - L e r a a s  d ia g ra m )
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig ,  13# Mean number o f  s u b m is s iv e  movements p e r  s o c i a l  g r o u p .  
R e c ta n g le s  r e p r e s e n t  95 p e r  c e n ^  c o n f id e n c e  l i m i t s  f o r  
t h e  mean, w i th  a  c r o s s  l i n e  a t  X, n = e i g h t y - f o u r  s o c i a l  
g ro u p s  a t  each  d e n s i t y .  V e r t i c a l  s c a l e  i s  mean number o f  
movements p e r  s o c i a l  g ro u p  f o r  each  s u b m is s iv e  movement.
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F i g ,  l4«  Mean number o f  C h a rg e s ,  T a i l - b e a t s ,  No R e s p o n s e s ,  and  
A pproaches  p e r  f i s h  i n  t h e  b a s e l i n e  e x p e r im e n t s .  Rec­
t a n g l e s  r e p r e s e n t  95 p e r  c e n t  c o n f id e n c e  l i m i t s  f o r  t h e  
mean, w i th  a  c r o s s  l i n e  a t  X, n  = e i g h t y - f o u r  s o c i a l  
g ro u p s  a t  each  d e n s i t y .  V e r t i c a l  s c a l e  i s  mean number 
o f  movements p e r  f i s h .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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F i g ,  15* Mean number o f  Head-downs, A v o id s ,  F l i g h t s ,  and  H e e l -
o v e r s  p e r  f i s h  i n  t h e  b a s e l i n e  e x p e r im e n t s .  R e c ta n g le s  
r e p r e s e n t  95  p e r  c e n t_ c o n f id e n c e  l i m i t s  f o r  t h e  mean, 
w i th  a  c r o s s  l i n e  a t  X, n = e i g h t y - f o u r  s o c i a l  g ro u p s  
a t  each  d e n s i t y .  V e r t i c a l  s c a l e  i s  mean number o f  move­
m ents  p e r  f i s h .


















Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4 2
The Volume- s u b s t r a t e  E x p e r im e n ts
The v o l u m e - s u b s t r a t e  e x p e r im e n t s  w ere  d e s ig n e d  t o  p e r m i t  t h e  
u s e  o f  a  t h r e e - w a y  a n a l y s i s  o f  v a r i a n c e  w i th  r e p l i c a t i o n  (3 x 3 x 3  
f a c t o r i a l ;  Model I :  t r e a t m e n t s  f i x e d ) *  As i n  t h e  b a s e l i n e  e x p e r i ­
m e n t s ,  e a c h  b e h a v i o r a l  p a r a m e te r  was t e s t e d  s e p a r a t e l y ,  u s i n g  b o th  
t o t a l  a g o n i s t i c  b e h a v i o r  p e r  s o c i a l  g ro u p  an d  mean a g o n i s t i c  b e h a v i o r  
p e r  f i s h  a s  m e a su re s*  The f a c t o r s  com pared  w ere  s u b s t r a t e  a r e a ,  v o l ­
ume, d e n s i t y ,  an d  t h e  f i r s t -  and  s e c o n d - o r d e r  i n t e r a c t i o n s  o f  t h e s e  
f a c t o r s *
The t e s t s  f o r  a g o n i s t i c  b e h a v i o r  p e r  s o c i a l  g ro u p  i n d i c a t e d  
t h a t  d e n s i t y  s i g n i f i c a n t l y  i n f l u e n c e s  most a g o n i s t i c  b e h a v i o r  (T a b le  
4 - B ) ,  b u t  p r o v i d e s  l i t t l e  e v id e n c e  f o r  t h e  i n f l u e n c e  o f  vo lum e, s u b ­
s t r a t e  a r e a ,  o r  t h e i r  i n t e r a c t i o n  on  t h e  f r e q u e n c y  o f  a g o n i s t i c  b e h a ­
v i o r *  U s in g ,  a s  a  m e a s u re ,  a g o n i s t i c  b e h a v i o r  p e r  f i s h ,  t h e  a n a l y s i s  
p r o v i d e s  e v id e n c e  t h a t  C h a rg e s  a r e  i n f l u e n c e d  by  d e n s i t y  ( P < * 0 0 5 ) ,  
b u t  a l l  o t h e r  b e h a v i o r s  a p p e a r  t o  be  i n d e p e n d e n t  o f  d e n s i t y  ( T a b le  4 -B ) ,  
Volum e, s u b s t r a t e ,  an d  a l l  f i r s t -  a n d  s e c o n d - o r d e r  i n t e r a c t i o n s  w ere 
n o t  s t a t i s t i c a l l y  r e l i a b l e *  The a n o v a  t a b l e s  f o r  t h i s  s e r i e s  o f  t e s t s  
a r e  l i s t e d  i n  T a b le s  8 a n d  9 o f  t h e  a p p e n d ix *




C o lo r  C hanges  i n  J u v e n i l e  B ass
Among v e r t e b r a t e s ,  f i s h  a r e  m a s t e r s  o f  t h e  a r t  o f  c h a n g in g  c o l o r .  
C o lo r  c h a n g e s  h a v e  b e e n  d e s c r i b e d  f o r  s p e c i e s  o f  c i c h l i d s ,  b l e n n i e s ,  
p o e c i l l i d s ,  a n d  c e n t r a r c h i d s .  C o lo r  p a t t e r n s  o r  c h a n g e s  i n  p a t t e r n s  
o f t e n  i n d i c a t e  t h e  m o t i v a t i o n a l  s t a t e  o f  a n  a n im a l ,  and  have  b e e n  t h e  
s u b j e c t  o f  many e t h o l o g i c a l  s t u d i e s  (B a r lo w , 1965)* Most o f  t h e  f i s h  
i n  w h ich  t h i s  phenom enon h a s  b een  s t u d i e d  e x h i b i t  g r e a t  d i v e r s i t y  o f  
c o l o r  t o n e  a s  w e l l  a s  c o l o r  p a t t e r n .  The c i c h l i d  f i s h  G ich laso m a  
se v e ru m . f o r  e x a m p le ,  i s  p a l e  y e l lo w  when r e s t i n g ,  b u t  t u r n s  d a r k  b lu e  
and  d e v e l o p s  s e v e r a l  b l a c k  v e r t i c a l  s t r i p e s  w i t h i n  a  few s e c o n d s  when 
t h r e a t e n i n g  ( B a e r e n d s  an d  B a e re n d -v a n  Hoon, 1950)«  A n o th e r  c i c h l i d ,  
P e lm a to c h ro m is  g u e n t h e r i , p r o d u c e s  no fe w e r  t h a n  s i x  m a jo r  c o l o r  p a t t e r n s  
d u r i n g  s o c i a l  i n t e r a c t i o n s  (M y rb e rg ,  1 9 6 5 )*
The r a t e  o f  c o l o r  c h a n g e s  i n  t h e s e  f i s h  v a r i e s ,  b u t  d i f f e r e n t  
p a t t e r n s  a r e  u s u a l l y  r e c o g n i z a b l e  w i t h i n  a  few s e c o n d s .  Some s p e c i e s  
a r e  c a p a b l e  o f  e x t r e m e ly  f a s t  c h a n g e s  w h ich  l a s t  f o r  o n ly  one o r  two 
s e c o n d s ,  a n d  c i c h l i d s  o f  t h e  g en u e  E t r o p l u s  c a n  p ro d u c e  a  new p a t t e r n  
i n  l e s s  t h a n  one s e c o n d  (B a r lo w , 1965)*
J u v e n i l e  b a s s  s h a r e  few o f  t h e s e  c h a r a c t e r i s t i c s  o f  c o l o r  c h a n g e .
I n  b a s s ,  c h a n g e s  i n  c o l o r  i n t e n s i t y  r a t h e r  t h a n  i n  c o l o r  to n e  p r e v a i l .
The c h a n g e s  a r e  p ro n o u n c e d  an d  r a p i d  o n ly  when f i s h  a r e  u n d e r  s e v e r e  
s t r e s s .  A j u v e n i l e  b a s s  w hich  h a s  b e e n  s u b j e c t e d  t o  r e p e a t e d  a t t a c k s  
becom es  u n i f o r m l y  d a r k ,  a s  do p u m p k in seed  s u n f i s h  i n  t h e  same s i t u a t i o n  
( M i l l e r ,  1 9 6 5 ) .
B a r lo w  ( 1 9 6 5 )  and  M yrberg  (1 9 6 $ )  w ere  a b l e  t o  d e te r m in e  m o t i v a t i o n a l  
s t a t e s  o f  f i s h  by a s s o c i a t i n g  c h a n g e s  i n  c o l o r  p a t t e r n s  and  t o n e s  w i th  
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
44
c h an g es  a r e  n o t i c e a b l e  i n  s t r e s s  s i t u a t i o n s ,  th e y  a r e  no t so con­
s p ic u o u s  i n  norm al s o c i a l  i n t e r a c t i o n s  a s  to  a l lo w  c l e a r  a s s o c i a t i o n s  
w ith  d i f f e r e n t  a g o n i s t i c  movements to  be d e te rm in e d .  Movements and 
p o s tu r e s  a s  means o f  s i g n a l i n g  m o t iv a t io n a l  s t a t e s  a r e  a p p a r e n t ly  more 
im p o r ta n t  i n  j u v e n i l e  b a s s  th a n  a r e  changes i n  c o lo r  p a t t e r n s  and 
t o n e s .
G e n e ra l  C h a r a c t e r i s t i c s  o f  A g o n is t ic  B ehav io r  in  J u v e n i l e  la reem o u th
B ass
A g o n is t ic  i n t e r a c t i o n s  i n  j u v e n i l e  b a s s  a r e  c h a r a c t e r i z e d  by 
r a p i d i t y  and s i m p l i c i t y .  E n co u n te rs  a r e  b r i e f  and th e  number o f  d i f ­
f e r e n t  a g o n i s t i c  movements i s  s m a l l ,  Cne g e t s  th e  i r p r e s s i o n  o f  sp e e d ,  
movement, and e f f i c i e n c y  w h ile  w atch ing  th e s e  f i s h  i n t e r a c t .
T h is  i s  a  marked d e p a r tu r e  from th e  a g o n i s t i c  b e h a v io r  d e s c r ib e d  
f o r  c i c h l i d s ,  i n  which many d i s p l a y  p o s tu r e s  and movements a r e  t y p i c a l l y  
slow  and complex ( s e e ,  f o r  exam ple, Aronson, 1959; B aerends and 
B a e re n d s -v a n  Boon, 1950; Myrberg, 1965).  I t  was from c o m p lic a te d  and 
f o rm a l iz e d  system s o f  d i s p l a y s  such a s  th e s e  t h a t  th e  concep t o f  r i ­
t u a l i s â t  io n  was d e v e lo p e d .  The T e le o s t  f i s h  B ad is  b a d is  employs a t  
l e a s t  n in e t e e n  d i s t i n c t  p o s tu r e s  and movements in  a g o n i s t i c  i n t e r ­
a c t i o n s  (Barlow , 1 9 6 2 ) .  B aerends  and B ae ren d s-v an  Boon (1950) de­
s c r i b e  tw e lv e  a g o n i s t i c  p o s tu r e s  and movements o bserved  in  e ig h t  s p e ­
c i e s  o f  c i c h l i d s ,  and M i l l e r  ( I 9 6 5 )  d e s c r ib e s  t e n  a g g r e s s iv e  movements 
i n  s e v e r a l  s p e c i e s  o f  c e n t r a r c h i d s .  In  c o n t r a s t ,  th e  a g o n i s t i c  be­
h a v i o r a l  r e p e r t o i r e  o f  j u v e n i l e  b a s s  i s  s m a l l .  The Charge i s  th e  main
dom inant movement, and  but fo u r  movements make up o v er  90 p e r  c e n t  
o f  s u b o rd in a te  e x p r e s s i o n s .
A l l  a g g r e s s iv e  movements i n  j u v e n i l e  b a s s  in v o lv e  c o n s id e r a b le  
lo c o m o tio n ,  i , e ,  a  change in  p o s i t i o n  w i th in  th e  ta n k .  Even T a i l - b e a t s  
u s u a l l y  r e q u i r e  th e  dominant f i s h  to  move tow ard  and ta k e  up a  p o s i t i o n  
n e x t  to  a  s u b o rd in a te  f i s h ,  F i n g e r l i n g  b a s s  do no t p o s se s s  s t a t i o n a r y  
a g g r e s s iv e  d i s p l a y s  which resem ble  th e  l a t e r a l  t h r e a t  d i s p l a y  o f  su n -  
f i s h  ( K i l l e r ,  1965; H ad ley , I 9 6 9 ) ,  l a t e r a l  s p re a d s  o f  B ad is  b a d is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(B arlow , 1 9 6 2 ) ,  o r  l a t e r a l  d i s p l a y s  o f  c i c h l i d s  (B aerends  and B a e re n d s -
van Roon, 1950)* Barlow ( 1962 ) r e p o r t s  t h a t  th e  s im p le s t  f i g h t s  betw een 
two f i s h  o f  t h e  s p e c i e s  B ad is  b a d i s  c o n s i s t  o f  l i t t l e  more th a n  c o l o r  
c h a n g e s ,  t o g e t h e r  w ith  o r i e n t i n g  tow ard  each o t h e r .  N oth ing  s i m i l a r  t o  
t h i s  was o b se rv e d  w i th in  p a i r s ,  t r i o s ,  o r  q u a r t e t s  o f  j u v e n i l e  b a s s .
S ubm iss ive  r e s p o n s e s  may be e i t h e r  movements ( i . e .  changes  i n  ta n k  
p o s i t i o n ) ,  such  a s  R e t r e a t s  and  F l i g h t s ,  o r  s t a t i o n a r y  p o s t u r e s ,  such  
a s  Head-downs, H e e l - o v e r s ,  and A voids .
A g g ress iv e  b e h a v io r  i n  j u v e n i l e  b a s s  i s  e x p re s s e d  p re d o m in a n tly  by 
one movement, t h e  C harge , w hereas  r e s p o n s e s  to  a g g r e s s io n  a r e  e x p re s s e d  
w ith  s i m i l a r  f re q u e n c y  by s e v e r a l  movements and p o s tu r e s :  R e t r e a t ,
F l i g h t ,  Avoid , and Head-down. A lthough th e  d i f f e r e n t  a g g r e s s iv e  and 
su b m iss iv e  movements d i f f e r  i n  d i s t a n c e  and d u r a t i o n ,  some movements 
merge i n t o  o t h e r s .  C h arg es ,  f o r  exam ple, f r e q u e n t ly  l e a d  i n t o  C h ases ,  
R e t r e a t s  i n t o  F l i g h t s .  The movements a r e  f a s t ,  and a r e  som etim es d i f -  
i c u l t  t o  d i s t i n g u i s h .  T h is  must be acknowledged a s  a  so u rce  o f  e x p e r i ­
m en ta l  e r r o r .
E f f e c t s  o f  D e n s i ty  on A g o n is t ic  B ehav io r
Mean a g o n i s t i c  b e h a v io r  p e r  s o c i a l  group
In  g e n e r a l ,  t h e  l e v e l  o f  a g o n i s t i c  a c t i v i t y  i n  g roups o f  j u v e n i l e  
b a s s  i n c r e a s e s  w ith  i n c r e a s i n g  d e n s i t y .  The r e l a t i o n s h i p  i s  com plex , 
how ever. T a i l - b e a t s ,  Head-downs, and No Responses i n c r e a s e  i n  t r i o s ,  
b u t  do n o t  i n c r e a s e  when d e n s i t y  i s  in c r e a s e d  t o  fo u r  f i s h  p e r  t a n k .
The most l i k e l y  e x p la n a t io n  f o r  t h e s e  r e s u l t s  i s  t h a t  th e  movements have 
d i f f e r e n t  f u n c t io n s ,  which a r e  i n  some way m ed ia ted  by d e n s i t y .  T a i l -  
b e a t s ,  f o r  exam ple, a r e  u sed  by th e  r e d b e l l i e d  s u n f i s h  ( Lepomis a u r i t u s ) 
a lm o s t  e x c l u s iv e ly  to  e s t a b l i s h  dominance r e l a t i o n s h i p s  ( M i l l e r ,  1 9 6 3 ) .  
I t  i s  l i k e l y  t h a t  th e y  perform  th e  same f u n c t io n  i n  j u v e n i l e  b a s s ,  s in c e  
th e y  w ere seen  most f r e q u e n t ly  s h o r t l y  a f t e r  new g roups  were formed 
T a b le  5)*
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TABLE 5* —  T o ta l  number o f  T a i l - b e a t s  p e r  e x p e r im e n ta l  ru n  f o r  p a i r s ,  
t r i o s ,  and q u a r t e t s  i n  th e  b a s e l i n e  e x p e r im e n ts
ru n  1 ru n  2 ru n  5 t o t a l
p a i r s 40 14 19 73
t r i o s 78 57 59 194
q u a r t e t s 38 5 28 71
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'I'hc Hoad-down movomont, c a l lo d  "n t-fitu (io  o f  i n f ' - r i o r i t y  " In 
c i c l i l i d s  by B aerends and B ae ren d s-v an  Hoon (197^) and in  c e n t r a r -  
c h id s  by M i l l e r  (1963)» i s  c l e a r l y  a  su b m iss iv e  d i s p l a y .
S in ce  a g o n i s t i c  b e h a v io r  i s  composed o f  many movements and 
p o s t u r e s ,  some o f  which have d i f f e r e n t  f u n c t io n s ,  i t  i s  l i k e l y  t h a t  
t h e i r  r e l a t i v e  f re q u e n c y  would d i f f e r  u nder  d i f f e r e n t  c o n d i t i o n s  o f  
c ro w d in g .  Under t h i s  h y p o t h e s i s ,  i t  i s  no t so s u r p r i s i n g  to  f i n d  
T a i l - b e a t s ,  Head-downs, and No K esponses more f r e q u e n t  i n  t r i o s  th a n  
i n  p a i r s  o r  q u a r t e t s ,  and to  f in d  C h arg es ,  R e t r e a t s ,  e t c . ,  i n c r e a s i n g l y  
f r e q u e n t  a t  i n c r e a s i n g  d e n s i t i e s .
The r e s u l t s  o f  t h e s e  e x p e r im e n ts  a g re e  s u b s t a n t i a l l y  w ith  th e  
g e n e r a l  i n c r e a s e  i n  l e v e l  o f  a g o n i s t i c  b e h a v io r  w ith  i n c r e a s i n g  den­
s i t y  o b se rv ed  i n  Lepomis m e g a lo t i s  by Hadley (1 9 6 9 ) ,  Hadley g ra d u ­
a l l y  red u c e d  space  a v a i l a b l e  t o  q u a r t e t s  o f  a d u l t s .  H is h i g h e s t  den­
s i t i e s  api^roxim ated th o s e  f o r  q u a r t e t s  i n  th e  b a s e l in e  e x p e r im e n ts  o f  
t h e  p r e s e n t  s tu d y ,  K e e n le y s id e  and Yamamoto (1962) found t h a t  th e  number 
o f  " n ip s "  and o f  l a t e r a l  and f r o n t a l  d i s p l a y s  by j u v e n i l e  A t l a n t i c  s a l ­
mon f i r s t  i n c r e a s e d ,  th e n  d e c re a s e d  a s  d e n s i t y  was i n c r e a s e d .  Using 
from two to  t h i r t y - f o u r  f i s h  i n  a q u a r i a  o f  a  s ta n d a rd  s i z e ,  th e y  r e ­
c o rd ed  th e  h ig h e s t  l e v e l s  o f  a g o n i s t i c  a c t i v i t y  a t  d e n s i t i e s  o f  tw e lv e  
t o  f o u r t e e n  f i s h .  In  h i s  s t u d i e s  o f  b l e n n i e s ,  (B le n n iu s  p h o l i s ) , G ibson 
( 1968) found no i n c r e a s e  i n  l e v e l  o f  a g o n i s t i c  b e h a v io r  w ith  d e n s i t y .
H is h ig h e s t  d e n s i t i e s ,  how ever, were g roups  o f  f i v e  f i s h  k e p t  i n  t a n k s  
c o n s id e r a b ly  l a r g e r  th a n  th o s e  used  i n  t h e  p r e s e n t  s tu d y .
I t  i s  known t h a t  i n  some f i s h e s  th e  l e v e l  o f  a g o n i s t i c  b e h a v io r  
f a l l s  o f f  u n d e r  crowded c o n d i t i o n s  (M o r r is ,  1932; F a b r ic iu s  and Gus­
t a f s o n ,  1953; s e e  i n t r o d u c t i o n ) .  The work o f  K e e n le y s id e  and Yamamoto 
( 1962 ) c l e a r l y  s u g g e s t s  t h a t  t h e r e  i s  a  d e n s i t y  l i m i t  beyond which a g ­
g r e s s i v e  b e h a v io r  i s  s u p p re s s e d .  In  th e  p r e s e n t  s tu d y ,  th e  ten d en cy  f o r  
c e r t a i n  a g o n i s t i c  movements to  o c c u r  more f r e q u e n t l y  i n  t r i o s  th a n  i n  
p a i r s  o r  q u a r t e t s  s u g g e s t s  t h a t  t h i s  d e n s i t y  l i m i t  f o r  th e s e  movements 
was re a c h e d  i n  t r i o s .
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o t h e r  movements, which showed a  ten d en cy  to  c o n t in u e  to  i n ­
c r e a s e  w i th  d e n s i t y ,  a p p a r e n t ly  were no t a f f e c t e d  by th e  d e n s i t i e s  
a c h ie v e d  i n  t h i s  s tu d y .  E xperim en ts  u s in g  s m a l le r  t a n k s  and l a r g e r  
g ro u p s  would p ro b a b ly  p ro v id e  c o n d i t i o n s  o f  crowding i n  which th e  
c r i t i c a l  d e n s i t y  would be s u rp a s s e d  and beyond which th e  l e v e l  o f  
a g o n i s t i c  b e h a v io r  would d e c r e a s e ,  a s  i t  d id  in  th e  e x p e r im e n ts  o f  
K e e n le y s id e  and Yamamoto,
Mean a g o n i s t i c  b e h a v io r  per f i s h
A lthough t o t a l  a g o n i s t i c  b e h a v io r  in c r e a s e d  i n  l a r g e r  s o c i a l  
g ro u p s ,  t h e r e  was no c o n s i s t e n t  av e ra g e  in c r e a s e  p e r  f i s h  a s  d e n s i t y  
i n c r e a s e d .  The l e v e l  o f  a g o n i s t i c  b e h a v io r  does no t s im ply  i n c r e a s e  
a r i t h m e t i c a l l y  a s  d e n s i t y  i s  i n c r e a s e d ,  which s u g g e s ts  t h a t  f a c t o r s  
o t h e r  th a n  d e n s i t y  a f f e c t  th e  l e v e l  o f  a g o n i s t i c  b e h a v io r .  There  i s  
a l i m i t  t o  th e  number o f  a g o n i s t i c  i n t e r a c t i o n s  f i s h  can perfo rm  and 
s t i l l  c a r r y  o u t  norm al raa in ta in en ce  a c t i v i t i e s ,  so  i t  i s  very  u n l i k e l y  
t h a t  f i s h  s im p ly  d o ub le  o r  t r i p l e  t h e i r  a g o n i s t i c  a c t i v i t y  i f  c o n f in e d
w ith  one o r  two a d d i t i o n a l  f i s h .  I n s t e a d ,  a s h a re  o f  th e  in c r e a s e d  
a g o n i s t i c  a c t i v i t y  i s  t a k e n  up by sub-dom inant f i s h  i n  th e  l a r g e r  
g ro u p s ,
In  e f f e c t ,  a g g r e s s iv e  and su b m iss iv e  b e h a v io r  t e n d s  to  be d i s ­
t r i b u t e d  more w id e ly  among th e  members o f  l a r g e r  s o c i a l  g ro u p s ,  which 
would a c c o u n t  f o r  th e  f a i l u r e  o f  a g o n i s t i c  b e h a v io r  p e r  f i s h  to  con­
s i s t e n t l y  i n c r e a s e .  I t  i s  l i k e l y  t h a t  th e  e x p e r im e n ta l  c o n d i t i o n s  o f  
t h i s  s tu d y  d id  n o t  p ro v id e  f o r  dense enough p o p u la t io n s  fo r  th ^ s  
to  become e v id e n t .
E f f e c t s  o f  S u b s t r a t e  Area and Volume on A g o n is t ic  B ehav io r
The v o lu ra e -s u b s t r a te  e x p e r im e n ts  fa iV -d  to  pr^ivide ev id en ce  fo r  
t h e  i n f lu e n c e  o f  s u b s t r a t e  a r e a  and volume '^n l e v e l  o f  a g o n i s t i c  b e -  
h a v i .o r ,  ^he v a r i a t i  'r i n  number c f  a g o n is t  i c  i n t e r a c t i o n s  v f i th in  
g ro u p s  o f  th e  same d e n s i t i e s  may be too  g r e a t  to  a l lo w  a t h r e e - f a c t o r  
a n a l y s i s  t o  d e t e c t  s l i g h t  changes i n  b e h a v io r .  D e n s i ty  acco u n te d  f o r
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n e a r l y  a l l  o f  th e  v a r i a t i o n  i n  l e v e l  o f  a g o n i s t i c  b e h a v io r  i n  th e  
e x p e r im e n ts .
I t  i s  n o t f e a s i b l e  t o  i n c r e a s e  th e  p h y s ic a l  l i m i t s  o f  t h e  sp a c e s  
a s  u sed  i n  t h i s  ex p e r im en t w i th o u t  ch an g in g  th e  e n t i r e  d e s ig n .  A su b ­
s t r a t e  a r e a  much l a r g e r  th a n  1 ,6 0 0  cra^ i n  a r e a ,  f o r  exam ple, would r e ­
q u i r e  p l a c i n g  th e  f i s h  i n  l e s s  th a n  f i v e  cm o f  w a te r ,  i n  o r d e r  t o  main­
t a i n  a  c o n s ta n t  v o lu m e /s u b s t r a t e  r a t i o .  T h e re fo re ,  g roups  l a r g e r  th a n  
q u a r t e t s  would have t o  be used  i n  o r d e r  to  a m p lify  th e  e f f e c t s ,  i f  an y ,  
o f  s u b s t r a t e  and volume on th e  l e v e l  o f  a g o n i s t i c  b e h a v io r .
D e n s i ty  e x p e r im e n ts  c a r r i e d  o u t  by G ibson ( I 968 ) w ith  b l e n n i e s  sug­
g e s te d  t h a t  th e  i n c r e a s e d  a r e a  o f  th e  tan k  f l o o r  r e s u l t e d  i n  an  i n c r e a s e d  
l e v e l  o f  a g o n i s t i c  b e h a v io r  a l th o u g h  v a r i a t i o n  w i th in  ex p e r im e n ts  was no t 
s i g n i f i c a n t l y  d i f f e r e n t  from th e  v a r i a t i o n  between e x p e r im e n ts  ( P < , 0 1 0 ,  
a n a l y s i s  o f  v a r i a n c e ) .  A s i m i l a r  d i f f i c u l t y  a r o s e  i n  th e  p r e s e n t  e x p e r i ­
m en ts .
A lthough th e  t o t a l  numbers o f  a g o n i s t i c  movements a r e  a f f e c t e d  by 
d e n s i t y ,  c e r t a i n  motor p a t t e r n s  w i th in  them a r e  c l e a r l y  in d ep en d en t  o f  
d e n s i t y .  A bout o f  t a i l - b e a t i n g ,  f o r  exam ple, av e rag ed  t h r e e  b e a t s ,  
w h e th e r  i n  p a i r s ,  t r i o s ,  o r  q u a r t e t s ,  and Head-down p o s tu r e s  u s u a l l y  
assumed a b o u t  40® d e c l i n a t i o n s  r e g a r d l e s s  o f  g roup  s i z e .
The S ig n a l  V alues o f  Subm issive  Movements i n  J u v e n i l e  Largemouth Bass
I n  b a s s ,  c e r t a i n  r e s p o n s e s  to  a g g r e s s io n  red u ce  th e  p r o b a b i l i t y  o f  
c o n t in u e d  a g g r e s s io n ,  o r  i n h i b i t  i t  c o m p le te ly .  I t  would a p p e a r  t h a t  
t h e s e  su b m iss iv e  movements have d i f f e r e n t  s i g n a l  v a lu e s .  While a g g r e s ­
s io n  r e l e a s e s  s e v e r a l  d i f f e r e n t  su b m iss iv e  b e h a v io r s  ( F ig .  ?)»  t h e s e  b e ­
h a v i o r s  i n  t u r n  d i f f e r e n t i a l l y  i n h i b i t  f u r t h e r  a g g r e s s io n  (T ab le  3)»
T h is  system  o f  s i g n a l s  and feedback  may b e s t  be u n d e rs to o d  i n  te rm s  o f  
l e v e l s  o f  a g g r e s s iv e  m o t iv a t io n .
E t h o l o g i s t s  d i s t i n g u i s h  t h r e a t  and appeasem ent from one a n o th e r  on
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f u n c t i o n a l  b a s is *  T h re a t  i s  th o u g h t  t o  be a  movement which i n h i b i t s  
a g g r e s s i o n  by i n c r e a s i n g  e scap e  d r iv e  in  th e  a t t a c k e r ,  w h ile  a p p e a se ­
m ent, though  h av in g  th e  same e f f e c t  a s  t h r e a t  ( s to p p in g  a g g r e s s i o n ) ,  
i s  c o n s id e re d  t o  i n h i b i t  b o th  a t t a c k  and e scap e  d r iv e s  (Van l e r s e l  and 
B o l ,  1 9 5 8 ; T in b e rg e n ,  1959)*
T h re a t  and appeasem ent do p o s s e s s  o v e r t  b e h a v io r a l  c h a r a c t e r ­
i s t i c s ,  how ever. Among s p in y - r a y e d  f i s h e s  th e  t y p i c a l  appeasem ent 
b e h a v io r  in c lu d e s  r e d u c t i o n  o f  m o tion , h ead -up  p o s tu r e ,  f i n s  f o ld e d ,  
c o l o r  c h a n g e s ,  and av o id an ce  to  v a ry in g  d e g re e s  o f  th e  dominant f i s h  
( S e i t z ,  19^2; B aerends  and B ae ren d s-v an  Roon, 1950; W ic k le r ,  1957»
M o rr is ,  1958; O e h l e r t ,  1958; Ohm, 1958/1959)* I n  f i s h e s  such a s  
th e  c i c h l i d s ,  most t h r e a t  d i s p l a y s  f e a t u r e  e r e c t e d  median and p e lv i c  
f i n s ,  c o l o r  c h an g es ,  and o p e r c u la r  s p re a d  (Barlow , I 962 )*
A g o n is t ic  b e h a v io r s  i n  j u v e n i l e  b a s s  p o s s e s s  many o f  t h e s e . c h a r a ­
c t e r i s t i c s ,  which may be u s e d ,  w ith  lo co m o tio n ,  a s  a  b a s i s  f o r  o r d e r in g  
them i n t o  t h r e a t s ,  ap p easem en ts ,  o r  h ig h ly  su b m iss iv e  b e h a v io r s .
In  b a s s ,  su b m iss iv e  b e h a v io r s  a r e  o f  t h r e e  d i s t i n c t  t y p e s .  Ih e y  
in v o lv e  e i t h e r  c o n s id e r a b l e  lo co m o tio n  ( R e t r e a t  and F l i g h t ) ,  no change i n  
lo co m o tio n  o r  p o s tu r e  (No R esp o n se ) ,  o r  change i n  p o s tu r e  o r  o r i e n t a t i o n ,  
b u t  no t i n  lo co m o tio n  (Head-down, H e e l -o v e r ,  o r  A vo id ) .
R e t r e a t  and F l i g h t  p o s s e s s  b u t  few c h a r a c t e r i s t i c s  o f  e i t h e r  t h r e a t  
o r  appeasem ent b e h a v io r s ,  and a p p e a r  to  i n d i c a t e  a h ig h  r e a d i n e s s  to  e s ­
cape o r  t o  be d i s p l a c e d .  I t  i s  n o t  l i k e l y  t h a t  r e t r e a t i n g  o r  f l e e i n g  f i s h  
have a  h ig h  l e v e l  o f  a g g r e s s iv e  d r i v e ,  and th e  f a c t  t h a t  b o th  movements 
f r e q u e n t l y  e l i c i t  f u r t h e r  a g g r e s s io n  s u g g e s t s  t h a t  th e y  a r e  s i g n a l s  o f  a  
h i g h l y  su b m iss iv e  m o t iv a t io n a l  l e v e l .
The re m a in in g  t h r e e  movements — Head-down, H e e l -o v e r ,  and Avoid — 
p o s s e s s  b o th  t h r e a t  and appeasem ent c h a r a c t e r i s t i c s .  They i n d i c a t e  t h a t  
th e  f i s h  p e r fo rm in g  them p o s s e s s  a  h ig h e r  l e v e l  o f  a g g r e s s iv e  m o t iv a t io n *
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F in  e r e c t i o n  i s  a s s o c i a t e d  w ith  a l l  t h r e e  movements. F u l l  e r e c t i o n  
o f  f i n s  i n c r e a s e s  th e  a p p a re n t  s i z e  o f  a  f i s h ,  a f f o r d s  maximum de­
f e n s e ,  and i s  a s s o c i a t e d  w ith  a g g r e s s iv e  d i s p l a y s  i n  many f i s h  (B a r -  
low , 1962 ) ,  E r e c t io n  o f  s p in o u s  f i n s  and p r e s e n t a t i o n  o f  f u l l  l a t e ­
r a l  a s p e c t  to  th e  a g g r e s s o r  b o th  o ccu r  in  H e e l -o v e r s ,  and s u g g e s t s  
t h a t  H e e l-o v e r  i s  a  r e l a t i v e l y  a g g r e s s iv e  s i g n a l ,  i . e .  a  t h r e a t .  The 
f a c t  t h a t  H e e l -o v e rs  a b s o lu t e l y  i n h i b i t  f u r t h e r  a g g r e s s io n  s u p p o r t s  
t h i s  v iew .
F in  e r e c t i o n  i s  a l s o  a s s o c i a t e d  w ith  Head-downs and A voids, b u t  
i s  se e n  l e s s  f r e q u e n t l y  th a n  i n  H e e l - o v e r s .  F u r th e r ,  b o th  movements 
a p p e a r  t o  in c lu d e  su b m iss iv e  motor p a t t e r n s .  The Head-down p o s tu r e  i n  
j u v e n i l e  b a s s  was o b se rv e d  o n ly  i n  s u b o rd in a te  f i s h  and  in c r e a s e d  i n  
s te e p n e s s  a s  f i s h  were r e p e a t e d l y  a t t a c k e d .  I t  i s  v e ry  l i k e l y  an  a t t i ­
tu d e  o f  su b m is s io n ,  though  n o t a s  su b m iss iv e  a s  R e t r e a t  o r  F l i g h t ,
The o r i e n ta t i o n - a w a y  from an  a g g r e s s iv e  f i s h  o b se rv ed  i n  Avoids i s  
c h a r a c t e r i s t i c  o f  appeasem ent movements i n  o t h e r  f i s h  (B arlow , 1 9 6 2 ) ,  
O r i e n t â t ion -aw av , a lo n g  w ith  m oderate  e f f e c t i v e n e s s  a t  i n h i b i t i n g  f u r t h e r  
a g g r e s s io n  s u g g e s t s  t h a t  Avoid i n d i c a t e s  th e  low er a g g r e s s iv e  m o t iv a t io n  
which i s  c h a r a c t e r i s t i c  o f  appeasem ent d i s p l a y s .
I t  i s  d i f f i c u l t  to  a s s ig n  a f u n c t io n  to  No R esponse . U n f o r tu n a te ly ,  
th e  a u th o r  d id  no t r e c o rd  su b seq u en t  motor p a t t e r n s  o b se rv ed  when f i s h  d id  
n e t  re sp o n d  t o  a g g r e s s io n .  S u b o rd in a te  f i s h  f r e q u e n t ly  f a i l e d  to  respond  
even when a c h a rg in g  f i s h  s to p p e d  s h o r t  a  few c e n t im e te r s  away. Ih e  f a c t  
t h a t  No R esponse , l i k e  H e e l -o v e r ,  co m p le te ly  i n h i b i t s  f u r t h e r  a g g r e s s io n  
s u g g e s t s  t h a t  a  f i s h  which f a i l s  to  resp o n d  h a s  a  h ig h  l e v e l  o f  a g g r e s ­
s iv e  m o t iv a t io n .  The c o n c lu s io n  must be t e n t a t i v e ,  how ever, i n  th e  a b ­
se n ce  o f  motor p a t t e r n  e v id e n c e .  Were th e  e x p e r im e n ts  to  be r e p e a t e d ,  
th e  im m ed ia te ly  su b seq u en t b e h a v io r  o f  a  f i s h  which f a i l e d  to  re sp o n d  
to  a g g r e s s io n  would have shed  l i g h t  on t h i s  b e h a v io r ,  b u t t h a t  d a ta  i s  
n o t  a v a i l a b l e  from th e  p r e s e n t  s tu d y .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
52
I n  summary, t h e  l e v e l  o f  a g g r e s s iv e  d r iv e  i n  su b m iss iv e  j u v e n i l e  
b a s s  a p p e a r s  to  be s ig n a l e d  to  t h r e a t e n i n g  f i s h  by a  w e l l - o r d e r e d  s e r i e s  
o f  movements, w ith  R e t r e a t s  and F l i g h t s  a t  one end o f  t h e  s c a l e ,  s i g ­
n a l i n g  a  low l e v e l  o f  a g g r e s s iv e  d r i v e ,  and H e e l-o v e r  and No Response 
a t  t h e  o t h e r  end and s i g n a l i n g  a  h ig h  a g g r e s s iv e  l e v e l .  Head-down, 
A vo ids ,  and H e e l-o v e rs  a p p e a r  to  occupy an in te r m e d ia t e  p o s i t i o n  betw een 
t h e s e  e x t r e m e s .
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TABLE 1# —  The r e l a t i v e  f re q u e n c y  o f  th e  a g o n i s t i c  b e h a v io r a l
e lem en ts
B a s e l in e  E xperim en ts V o lu m e -su b s tra te Experim en ts
b e h a v io r a l
e lem en t
number
r e c o rd e d
r e l .  f r e q .  a s  % 
o f  t o t a l  number 
o f  a l l  e le m e n ts
number
re c o rd e d
r e l .  f r e q .  a s  % 
o f  t o t a l  number 
o f  a l l  e lem en ts
CG 5 ,1 9 0 3 3 .3 1 ,096 3 2 .0
S 3 .0 1 8 1 9 .4 626 1 8 .3
R 1 ,8 9 8 1 2 .2 514 1 5 .0
A 1,2 4 2 8 .0 340 9 .9
HD 1 ,2 0 1 7 .7 215 6 .3
F 1 ,5 2 4 8 .5 233 6 .8
AP 495 3 .2 192 5 .6
CS 325 2 .1 72 2 .1
TB 338 2 .2 40 1 .2
HO 320 2 .0 61 1 .8
N 238 1 .5 33 1 .6
T o ta l 1 5 ,589 1 0 0 .0 3 ,4 2 3 1 0 0 .0
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TABLE 2 . — The r e l a t i v e  f req u en cy  o f  a g g r e s s iv e  and su b m iss iv e  
e lem en ts*
B a s e l in e  E xperim en ts  V o lu m e -su b s tra te  Experim en ts
a g g r e s s i v e
e lem ent
number
re c o rd e d
r e l .  f r e q ,  a s  % 
o f  t o t a l  number 
o f  a l l  e lem en ts
number
re c o rd e d
r e l .  f r e q .  a s  % 
o f  t o t a l  number 
o f  a l l  e lem en ts
CG 5 ,1 9 0 7 8 .0 1 ,096 7 6 .5
AP 495 7 .6 192 1 3 .4
CS 325 4 .9 72 5 .0
TB 338 5 .1 40 2 .8
N 258 3 .6 33 2 .3
T o ta l 6 ,5 8 6 1 0 0 .0 1 ,4 3 3 1 0 0 ,0
s u b m is s iv e
elem ent
R 1 ,8 9 8 3 1 .7 514 3 7 .7
F 1 ,324 2 2 .1 235 1 7 .1
A 1,224 2 0 .8 340 2 4 .9
HD 1,2 0 1 2 0 .1 215 1 5 .8
HO 320 5 .3 61 4 .5
T o ta l 5 ,9 8 5 100 .0 1 ,3 6 3 1 0 0 .0
♦Snaps ex c lu d ed
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TABLE 3» —  The p e rc e n ta g e  f req u en cy  o f  su b m iss iv e  re sp o n s e s
a g g r e s s iv e  movements
to
P a i r s T r io s Q u a r te t s
b ou t number
r e c o rd e d
% t o t a l  
#  b o u ts
number
re c o rd e d
% t o t a l  
#  b o u ts
number
r e c o rd e d
% t o t a l  
#  b o u ts
o v e r a l l
%
CG-R 277 5 3 .2 469 3 0 .4 699 5 5 .2 3 3 .1
CG-A 186 2 2 .3 164 1 0 .6 536 2 7 .0 2 0 .2
GG-HD 171 2 0 .5 432 2 8 .0 228 1 1 .4 1 9 .0
CG-F 150 1 8 ,0 275 1 7 .8 439 2 2 .1 2 0 .0
CG-N 32 5 .8 115 7 .4 28 1 .4 4 .0
T o ta l 834 1 0 0 .0 1 ,5 4 5 1 0 0 .0 1 .9 8 8 1 0 0 ,0 1 1 0 0 ,0
AP-R 47 5 9 .8 12 1 7 .2 95 4 2 .2 5 7 .5
AP-A 59 5 5 .1 26 5 7 .1 58 2 5 .8 2 9 .8
AP-HD 23 1 9 .5 28 4 0 .0 28 1 2 .4 1 9 .1
AP-F 5 4 .3 — - 52 14 .3 9 .0
AP-N 5 2 .5 1 1 .4 3 1 .5 1 .7
AP-HO 1 0 ,8 5 4 .3 9 4 .0 5 .1
T o ta l 118 1 0 0 .0 70 10 0 .0 225 100 .0 10 0 .0
TB-R 7 5 1 .8 18 2 5 .0 11 5 1 .4 2 7 .0
TB-A 8 3 6 .4 20 2 7 .8 10 2 8 .6 2 9 .5
TB-HD 2 9 .1 15 2 0 .8 7 2 0 .0 1 8 .6
TB-F 1 4 .5 1 1 .4 "■ - 1 .5
TB-N 4 1 8 .2 16 2 2 .2 5 14 .3 1 9 .4
TB-HO - 2 2 .8 2 5 .7 5 .1
T o ta l 22 1 0 0 .0 72 1 0 0 ,0 . .....55 1 0 0 .0 1 1 0 0 .0































The r e l a t i v e  f requency  
P a i r s
TABLE 4
o f  th e  sequences  o f  b o u ts  o f  a g o n i s t i c  b e h a v io r
T r io s Q u a r te ts
bout number 
reco rd ed
r e l .  f r e q .  
a s  % t o t a l  
#  o f  b o u ts
number
re c o rd e d
r e l ,  f r e q .  
a s  % t o t a l  
#  o f  b o u ts
number
re c o rd e d
r e l .  f r e q .  
a s  % t o t a l  
#  o f  b o u ts
t o t a l
%
1 . CG-R 277 2 6 ,2 469 2 4 .5 699 27 .6 2 6 .2
2. CG-A 186 17 .6 164 8 .6 536 2 1 ,2 16 ,1
3 . CG-HD 171 1 6 .1 432 2 2 .5 228 9 .0 1 5 .1
4. CG-F 150 1 4 .2 275 1 4 .3 439 17 .4 1 5 .7
5. CG-N 32 3 .0 115 6 .0 28 1 .1 3 .2
6 . CG-HO 18 1 .7 90 4 .7 58 2 .3 3 .0
7 . CG-HO/HD 8 0 .8 13 0 .7 63 2 .5 1 .5
8 . CG-HO/A 1 0 .1 — 21 0 .8 0 .4
9 . CG-HO/R 1 0 .1 1 — 7 0 .3 0 .2
10. Ca-R/HD 1 0 .1 5 0 .3 2 - 0 ,1
11. CG-TB/HD 1 0 .1 8 0 .4 6 0 .2 0 ,3
1 2 . CG-TB/N 1 0 .1 3 0 .2 8 0 .4 0 .2
13. CG-TB/R 3 0 .3 15 0 .8 7 0 .3 0 .5
14. CG-A/RD 1 0 .1 1 - 9 0 .4 0 .2
15. CG-HD/R 3 0 .3 21 1 .1 4 0 .1 0 ,5
16. CG—R—C S—F 42 4 .0 50 2 .6 88 3 .5 3 .3
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TABLE 5* —  The f req u en cy  o f  o ccu ren ce  o f  complex b o u ts
b o u t  number o b se rv ed  % o f  t o t a l  complex b o u ts
CG-R-CS-F 180  4 8 .3
CG-R-TB-A 3 0 .8
GG-HD-TB-HD 44 1 1 ,8
CG-HD-TB-A 5 1 .3
CG“HD“CS*“F 4 1 .1
CG-F-CS-F 112 3 0 .0
CG-F-CS-HD 6 1 .6
GG-A-TB-R 12 3 .2
GG-A-GS-F 7 1 .9
T o ta l  373 1 0 0 .0
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TABLE 6* — Anova ta b le s  for the b a se lin e  experim ents. Model I:
s in g le  c la s s i f i c a t io n .  Y = number o f  a g o n is t ic  b e h a v io r s /so c ia l
group/observation  period
60
s o u rc e  o f  
v a r i a t i o n
sum o f  
s q u a re s
d e g re e s  o f  
freedom
mean
s q u a re
F
r a t i o
P
Approach
t o t a l 1 ,1 6 1 .0 0 251 —
betw een 199 .46 2 9 9 .7 5 269.54 ,001
w i th in 91 .54 249 0 .3 7
Charge
t o t a l 7 1 , 1 51 .51 251 -
betw een 1 6 , 3 68 .58 2 8 ,1 8 4 .2 9 5 7 .2 0 .001
w i th in 5 4 , 7 82 .93 249 220 .01
Chase
t o t a l 9 6 7 .2 5 251 —
betw een 6 8 .4 5 2 5 4 .2 3 9 .4 8 .001
w i th in 898 .80 249 3 .6 1
T a i l - b e a t
t o t a l 1 ,6 4 2 .6 5 251 -
betw een 128 .14 2 64 .07 1 0 .5 4 .001
w i th in 1 , 51 4 .5 1 249 6 .0 8
No Response
t o t a l 1 ,2 2 0 ,1 1 251 -
betw een 107 .44 2 5 5 .7 2 1 2 .0 2 .001
w i th in 1 , 112.67 249 4 .4 7
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s o u rc e  o f  
v a r i a t i o n
Avoid
t o t a l
betw een
w i th in
R e t r e a t
t o t a l
betw een
w i th in
F l i g h t
t o t a l
betw een
w i th in
H e e l-o v e r
t o t a l
betw een
w i th in
Head- down
t o t a l
betw een
w i th in
sum o f  
s q u a re s
d e g re e s  o f  
freedom
mean
s q u a re s
F
r a t i o
P
7 ,3 2 7 .6 0
1 ,1 0 6 .9 1







1 4 ,0 7 3 .4 1
1 , 234 .18






12 .1 8 .001
6 , 4 32 .32
4 , 4 49 .73







1 ,6 4 9 .6 3
106 .89




5 3 .4 5
6 .2 0
8 .6 2 .001
1 2 ,6 4 2 .1 1
894.01




4 4 7 .0 0
4 7 .1 8
9 .4 7 .001
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TAHl.ij''; 7» — Anova tabler, l'or the bare lin o  experim ents. Model I :
s in g le  c la s s i f i c a t io n .  Y = number o f a g o n is tic  b e h a v io r s /f is h /
observation  period
s o u rc e  o f  
v a r i a t i o n
Approach
t o t a l
betw een
w i th in
Charge
t o t a l
betw een
w i th in
Chase
t o t a l
betw een
w i th in
T a i l - b e a t
t o t a l
betw een
w i th in
No Response
t o t a l
betw een
w i th in
sum o f  
s q u a re s
d e g re e s  o f  
freedom
mean
s q u a re s
F
r a t i o
P
107 .61







5 .5 0 .001
5 ,7 1 8 .2 3
179 .78




8 9 .8 9
24 .18









0 .5 4 n . s .
2 03 .95
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TABLF; 7» Continued
6 ’i
Source  o f  
v a r i a t i o n
Avoid
t o t a l
be tw een
w i th in
R e t r e a t
t o t a l
betw een
w i th in
F l i g h t
t o t a l
between
w i th in
H ee l- o v e r
t o t a l
betw een
w i th in
Head-down
t o t a l
betw een
w i th in
sum o f  
s q u a re s





r a t i o
P








5 .1 9 .010
1 , 1 86 .35
5 .3 4






0 .5 6 n . s .
1 , 0 2 7 .8 9
2 8 .3 7















3 .7 5 .025
1 , 6 3 7 .8 5
5 5 .9 0




2 7 .9 5
6 .3 5
4 .4 0 .025
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6 4
TABLE 8 ,  —  Anova t a b l e s  f o r  th e  v o lu m e -s u b s t r a te  e x p e r im e n ts .  
Three  way a n a l y s i s  w ith  r e p l i c a t i o n  ( 3 x 3 x 3  f a c t o r i a l ;  Model 
I :  t r e a t m e n t s  f i x e d ) .  Level o f  a g o n i s t i c  b e h a v io r  i n  j u v e n i l e
la rg em o u th  b ass  i n  t h r e e  volum es, t h r e e  s u b s t r a t e  a r e a s ,  and t h r e e  
s i z e s  o f  s o c i a l  g ro u p s .  Y = mean number o f  a g o n i s t i c  b e h a v io r s  
p e r  s o c i a l  g ro u p .  F a c to r  A = s u b s t r a t e  a r e a ;  f a c t o r  B = volume ;
f a c t o r  C = d e n s i t y .
s o u rc e  o f sum o f d e g re e s  o f mean F P
v a r i a t i o n s q u a re s freedom sq u are r a t i o
Approach
A 0 .6 2 2 0 .3 1
B 14 .2 5 2 7 .1 3
C 6 9 .1 4 2 34 .5 7 8 .4 9 ,001
AB 8 .4 9 4 2 ,1 2
AC 7 .8 2 4 1 .9 5
BO 22 ,4 1 4 5 .6 0
e r r o r 108 .62 8 13 .58 3 .3 2 .005
t o t a l 220 .67 54 4 .0 9
Charge
A 274,47 2 123 .73 3 .9 9 .050
B 6 78 .25 2 3 39 .13
G 2 , 1 5 4 .1 0 2 1 , 077 .05 12 ,69 .001
AB 307 .01 4 7 6 .7 5
AC 227 ,16 4 5 6 .7 9
BC 8 0 5 .6 0 4 201 ,40
ABC 1 66 .94 8 20,86
e r r o r 4 , 58 3 .3 3 54 84 .88
t o t a l 80
Chase
A 4 .8 4 2 2 .4 2
B 0 .0 2 2 0 .0 1
G 9 .5 8 2 4 .7 9 4 .2 4 .025
AB 2 .5 7 4 0 .6 4
AC 4 .3 4 4 1 .0 8
BC 6 .5 0 4 1 .6 3
ABC 3 .3 6 8 0 ,4 2
e r r o r 61 .00 54 1 ,1 3
t o t a l 80
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6 5
s o u rc e  o f sum o f d e g re e s  o f mean F P
v a r i a t i o n s q u a re s freedom sq u a re r a t i o
T a i^ —b e a t
A 8 ,54 2 4 .2 7 4 .1 9 .050
B 1 .6 5 2 0.83
C 0 .6 9 2 0 .3 5
AB 4 .5 8 4 1 .1 5
AC 2 .8 7 4 0 .7 2
BC 2 .8 5 4 0 .6 6
ABC 7 .7 9 8 0 .9 7
e r r o r 55 .33 54 1 .0 2
t o t a l 80
No Qai* V iJwiiotî
A 0,09 2 0 .0 5
B 0 .3 9 2 0 .2 0C 1 .8 7 2 0 .9 4
AB 2 .6 2 4 0 .66
AC 1 .4 7 4 0.37
BC 2 .9 4 4 0 .72
.ABC 3 .0 4 8 0.38
e r r o r 4 5 .3 3 54 0 .8 4
t o t a l 80
Avoid
A 42.89 2 2 1 .4 5
B 119.41 2 5 9 .7 0
C 86,22 2 43 .11 3.26 .050
aB 45.92 4 11 .48
AC 4 5 .5 6 4 11.39
BC ' 71.26 4 17 .8 1
/ŒC 6 8 .0 7 8 8.51
e r r o r 714 .67 54 13.23
t o t a l 80
Xi.“  \<> 1 \̂ rx V/
A 66.98 2 33.49
B 131.28 2 65.64
C 404,84 2 202.42 8 .4 4 .001
AB 6 6 .8 7 4 16.72
AC 103.31 4 25.82
BC 139.46 4 34.86
ABC 26.84 8 3.35
e r r o r 1295 .33 54 23.98
t o t a l ---- 80 ------—------ — -----
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s o u rc e  o f sum o f d e g re e s  o f mean F F
v a r i a t i o n s q u a re s freedom sq u a re r a t i o
F l i g h t
A 3 0 .3 0 2 15 .15
B 3 4 .7 4 2 17 .37
C 197 .86 2 98 .9 3 10.41 ,001
AB, 9 .6 3 4 2 ,41
AC 4 .2 9 4 1 .0 7
BC 3 1 .8 3 4 7 .9 6
ABC 41 .3 6 8 5 .2 0
e r r o r 51 3 .3 3 54 9 .5 0
t o t a l 80
H e e l-o v e r
A 13 .40 2 6 .7 0
B 1 3 .4 0 2 6 .7 0
C 44 .2 2 2 22 .11 12 .02 .001
AB 3 .6 4 4 1 .4 1
AC 6 .6 0 4 1 .6 5
BC 8 .3 8 4 2 .0 9
ABC 8 .3 6 8 1 .0 4
e r r o r 99 .33 54 1 .8 4
t o t a l 80
Head-down
A 3 4 .7 4 2 17 .37
B 2 3 .8 3 2 12 .92
C 41 .1 9 2 20 .3 9
AB 46 .0 8 4 11 .3 2
AC 7 0 .9 6 4 17 .7 4
BC 27 .4 0 4 6 .8 5
ABC 6 6 .4 3 8 8 .3 1
e r r o r 57 7 .3 3 54 1 0 .6 9
t o t a l 80
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TABLE 9 .  — 
Y
Anova ta b le s  for the volum e-substrate experiments#
mean number o f  a g o n is tic  behaviors per f is h
s o u rc e  o f sum o f d e g re e s  o f mean F P
v a r i a t i o n s q u a re s freedom s q u a re s r a t i o
Approach
A 0 ,2 8 2 0 .1 4
B 1 .5 4 2 0 .77
C 1 .0 6 2 0 .5 3
AB 0 .9 6 4 0 .2 4
AC 1 .6 4 4 0 .4 1
BC 2 .9 7 4 0 .7 4
ABC 1.8 6 8 0 .23
e r r o r 2 2 .2 8 54 0 .4 1
t o t a l 8o
Charge
A 28 .5 3 2 14 .26
B 57 .9 6 2 2 8 .9 8 3 .3 9 .0 5 0
G 110.73 2 5 5 .3 6 6 .3 8 .005
AB 27.27 4 6 .8 2
AC 26 .76 4 6 ,64
BC 9 1 .8 0 4 22 .95
ABC 12.33 8 1 .5 4
e r r o r 469 .16 54 8 .6 8
t o t a l 80
Chase
A 0 .3 3 2 0 .1 7
B 0 .0 2 2 0 .0 1
C 0 .4 8 2 0 ,2 4
AB 0 .4 5 4 0 .1 1
AC 0 .4 6 4 0 ,1 2
BC 1 .1 6 4 0 .2 9
ABC 0 .6 2 8 0 .0 8
e r r o r 7 .9 7 54 0 .1 5
t o t a l 80
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so u rc e  o f sum o f d e g re e s  o f mean F P
v a r i a t i o n s q u a re s freedom sq u a re r a t i o
T a i l - b e a t
A 0 .9 0 2 0 .4 5 3 .2 1 .0 5 0
B 0.2 4 2 0 .1 2
C 0 .0 6 2 0 .0 3
AB 0 .4 2 4 0 ,1 1
AC 0 .1 2 4 0 .0 3
BC 0 .3 8 4 0 .0 1
ABC 0 .8 9 4 0 .1 1
e r r o r 7 .5 2 8 0 .1 4
t o t a l 54
80
Avoid
A 3 .0 1 2 1 .5 0
B 11 .16 2 3 .3 8 3 .7 7 .0 5 0
C 1 .6 2 2 0 .8 1
AB 4 .6 0 4 1 .1 5
AC 5 .3 1 4 1 .3 3
BC 7 .8 7 4 1 .9 7
ABC 6 ,3 4 8 0 .7 9
e r r o r 7 9 .8 3 54 1 .4 8
t o t a l 80
R e t r e a t
A 6 .2 3 2 3 .1 2
B 8 .9 7 2 4 .4 8
C 1 2 .8 2 2 6 , 4 l
AB 9 .6 1 4 2 .4 0
AC 6 .8 5 4 1 .7 1
BC 10.73 4 2 .6 9
ABC 2 .6 2 8 0 .3 3
e r r o r 144 .54 34 2 .6 7
t o t a l 80
F l i f h t
A 3 .2 3 2 l i6 7 >
R 3 .9 9 2 3 .0 0
c 16 .23 2 8 .12
AB 1 .8 1 4 0 .4 5
AC 0 .2 3 4 0 .0 6
BC 7 .2 8 4 1 .8 2
ABC 4 .9 4 8 1 .2 4
e r r o r 492 .92 54 9 .1 3
t o t a l 80
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s o u rc e  o f sum o f d e g re e s  o f mean F P
v a r i a t i o n s q u a re s freedom sq u are r a t i o
H e e l -o v e r
A 1 .1 5 2 0 .5 6
B 0 .1 2 2 0 .0 6
C 2.3 3 2 1 .1 7
AB 0 .5 2 4 0 .1 3
AC 0 .5 3 4 0 .1 4
BC 0 .6 1 4 0 .1 5
ABC 0 .6 3 8 0 .0 8
e r r o r 6 .1 8 54 0 .1 1
t o t a l 80
Head-down
A 2 .3 8 2 1 .1 9
B 1 .9 4 2 0 .9 7
C 0 .4 7 2 0 .2 4
AB 2 .9 2 4 0 .7 3
AC 9 .5 9 4 2 .4 0
BC 3 .2 9 4 0 .8 2
ABC 8 .2 2 8 1 .0 3
e r r o r 6 7 .3 4 54 1 .2 5
t o t a l 80
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